We study the question of when cluster-tilted algebras of Dynkin type E are derived equivalent and obtain a far-reaching, but unfortunately not complete, classification. It turns out that a useful invariant for distinguishing cluster-tilted algebras of type E up to derived equivalence are the unimodular equivalence classes of their Cartan matrices. For type E6 all details are given in the paper, for types E7 and E8 (where 112 and 391 algebras are involved) we present the results in a concise form from which our findings should easily be verifiable.
Introduction
Cluster algebras have been introduced by Fomin and Zelevinsky around 2000 and have enjoyed a remarkable success story in recent years. They attractively link various areas of mathematics, like combinatorics, algebraic Lie theory, representation theory, algebraic geometry, integrable systems and have applications to mathematical physics. In an attempt to 'categorify' cluster algebras (without coefficients), cluster categories have been introduced by Buan, Marsh, Reiten, Reineke, Todorov [6] . More precisely, these are orbit categories of the form C Q = D b (KQ)/τ −1 [1] where Q is a quiver without loops and oriented 2-cycles, D b (KQ) is the bounded derived category of the path algebra KQ (over an algebraically closed field K) and τ and [1] are the Auslander-Reiten translation and shift functor on D b (KQ), respectively. Remarkably, these cluster categories are again triangulated categories by a result of Keller [18] . Important objects in cluster categories are the cluster-tilting objects. A cluster-tilted algebra of type Q is by definition the endomorphism algebra of a cluster-tilting object in the cluster category C Q . Quivers of Dynkin types ADE play a special role in the theory of cluster algebras since they parametrize cluster-finite cluster algebras, by a seminal result of Fomin and Zelevinsky [14] . The corresponding cluster categories C Q where Q is a Dynkin quiver are triangulated categories with finitely many indecomposable objects and their structure is well understood by work of Amiot [1] . The corresponding cluster-tilted algebras of Dynkin types A, D or E are of finite representation type and they can be constructed explicitly by quivers and relations. Namely, the quivers of the cluster-tilted algebras of Dynkin type Q are precisely the quivers obtained from the quiver Q by performing finitely many quiver mutations. Moreover, in the Dynkin case, the quiver of a cluster-tilted algebra uniquely determines the relations [9] ; we shall review this algorithm in Section 2 below. In this paper we address the question of when two cluster-tilted algebras of Dynkin type E 6 , E 7 or E 8 have equivalent derived categories. This question has been settled for cluster-tilted algebras of type A n by Buan and Vatne [11] ; see also work of Murphy on the more general case of m-cluster tilted algebras of type A n [20] . Note that all these algebras are gentle algebras. It turns out that two cluster-tilted algebras of type A n are derived equivalent if and only if their quivers have the same number of 3-cycles (for m-cluster tilted algebras the same number of m + 2-cycles). For the crucial task of distinguishing such algebras up to derived equivalence one uses the elementary divisors of the Cartan matrices (which are invariant under derived equivalences); these have been determined explicitly for arbitrary gentle algebras by Bessenrodt and the second author in [4] (see also [17] for a special case sufficient for dealing with cluster-tilted algebras of type A). A derived equivalence classification of cluster-tilted algebras of other Dynkin types D and E has been open. The aim of this paper is to provide derived equivalences between cluster-tilted algebras of types E 6 , E 7 and E 8 .
The strategy for our proof will be similar as in type A. We first need the possible quivers of the clustertilted algebras, i.e. the mutation class of a Dynkin quiver of type E. Note that these mutation classes are finite. This will be achieved conveniently using B. Keller's software [19] ; it suffices to get a list of representatives of the quivers modulo sink/source equivalence, since sink/source equivalent algebras will be derived equivalent. Then we determine the Cartan matrices and compute their elementary divisors; recall that algebras with different elementary divisors are not derived equivalent. For the algebras having the same elementary divisors we then construct explicit tilting complexes in order to prove as many algebras as possible to be derived equivalent. As our main result we then obtain a far-reaching, but not complete, derived equivalence classification of cluster-tilted algebras of types E 6 , E 7 and E 8 . For precise statements of the results and definitions of the algebras involved we refer to Sections 3 (type E 6 ), A/B (type E 7 ), C/D (type E 8 ) below. Unfortunately, a few questions remain open. For a few Cartan invariants we get several (but at most four) groups of derived equivalent algebras where we were not able to decide whether algebras in different groups are derived equivalent, or not.
The paper is organized as follows. In Section 2 we collect some background material; in particular we recall the fundamental notion of quiver mutation, describe the results of Buan, Marsh and Reiten on cluster-tilted algebras of finite representation type and discuss Cartan matrices, whose unimodular equivalence class later will turn out to be a useful derived invariant for our purposes. Furthermore, we review the fundamental results on derived equivalences. In Section 3 we discuss derived equivalences for cluster-tilted algebras of Dynkin type E 6 in detail. We first list the mutation class of an E 6 quiver, up to sink/source equivalence; this list has been produced using Keller's software and comprises 21 algebras. We also give the corresponding Cartan matrices and compute their unimodular invariants. The main result of this section is Theorem 3.2 which states that, with the one exception of unimodular invariant (2), two cluster-tilted algebras of type E 6 are derived equivalent if and only if they have the same unimodular invariants. For unimodular invariant (2) we get two groups of algebras for which we could not decide whether they are derived equivalent, or not. This already indicates that the situation in type E is considerably more subtle than in type A. In Section 3 we prove the main result for type E 6 (see Theorem 3.2 below) giving an almost complete derived equivalence classification of the cluster-tilted algebras. For this we have to find explicit tilting complexes for the cluster-tilted algebras of type E 6 and we have to determine their endomorphism rings. The necessary calculations are carried out and described in detail. For types E 7 and E 8 we have followed a different strategy of presentation since the number of algebras involved becomes very large. We first list the algebras but without drawing the quivers; again, the quivers have been found using Keller's software. We then present the results on derived equivalences for cluster-tilted algebras of types E 7 and E 8 in a very concise form which is explained at the beginning of the respective sections. For each group of algebras with the same unimodular invariant we then provide tilting complexes and list their endomorphism rings, but without giving any details on the calculations. However, we have provided enough information so that interested readers should easily be able to check our findings. We briefly summarize here our results. For type E 7 the mutations class consists of 112 quivers up to sink/source equivalence. The corresponding cluster-tilted algebras are grouped according to their unimodular invariants (1), (6) , (2, 4) , (2, 2) , (2, 3) , (2) , (3), (4) and (5) . For the following cases we obtained that two cluster-tilted algebras of type E 7 are derived equivalent if and only if they have the same unimodular invariants: (1), (6) , (2, 4) , (2, 3) , (3) and (5) . Note that from the perspective of unimodular invariants of Cartan matrices, the invariants (6) and (2, 3) are the same. However, for the quivers of the cluster-tilted algebras of type E the numbers have a combinatorial meaning (e.g. the 2 often comes from an oriented 3-cycle with full relations). Indeed we show in Section 4 that for types E 7 and E 8 (in type E 6 this doesn't occur) algebras with invariant (6) can not be derived equivalent to algebras with invariant (2, 3) . For distinguishing these cases we use another derived invariant, namely the first Hochschild cohomology group; for cluster-tilted algebras of finite representation type the dimension of the first Hochschild cohomology group can be determined combinatorially (from an underlying tilted algebra) by a result of Assem and Redondo [3] . Unfortunately, we could not completely settle the remaining cases. In case (2, 2) , there are 9 algebras (up to sink/source equivalence) and we have found three subclasses of derived equivalent algebras, of size 6, 2 and 1. In case (2) , there are 10 algebras (up to sink/source equivalence) and we have found three subclasses of derived equivalent algebras, of size 6, 3 and 1. In case (4) , there are 35 algebras (up to sink/source equivalence) and we have found two subclasses of derived equivalent algebras, of size 30 and 5.
For type E 8 we get 391 algebras, up to sink/source equivalence. The possible unimodular Cartan invariants are computed to be (1), (2, 2, 2), (2), (2, 4) , (6) , (2, 2) , (3), (2, 3) (4) and (5) . We get that two cluster-tilted algebras of type E 8 are derived equivalent if and only if they have the same unimodular invariants for the following cases: (1), (2, 2, 2), (2, 4) , (6) , (3), (2, 3) and (5) . In case (2) , there are 14 algebras (up to sink/source equivalence) of which a group of 10 are derived equivalent, another group of 3, and one single algebra remains. In case (2, 2) , there are 34 algebras (up to sink/source equivalence) and we have found four subclasses of derived equivalent algebras, of sizes 18, 12, 2 and 2. In case (4) , there are 75 algebras (up to sink/source equivalence) and we have found two subclasses of derived equivalent algebras, of sizes 68 and 7.
For fully completing the derived equivalence classification in types E 7 and E 8 one would have to study other derived invariants, although 'computable' candidates for such invariants might be hard to find.
Preliminaries

Quiver mutations
A quiver is a finite directed graph Q, consisting of of a finite set of vertices Q 0 and a finite set of arrows Q 1 between them. Let Q be a quiver and throughout this paper let K be an algebraically closed field. We can form the path algebra KQ, where the basis of KQ is given by all paths in Q, including trivial paths e i of length zero at each vertex i of Q. Multiplication in KQ is defined by concatenation of paths. Our convention is to compose paths from right to left. For any path α in Q let s(α) denote its start vertex and t(α) its end vertex. Then the product of two paths α and β is defined to be the concatenated path αβ if s(α) = t(β). The unit element of KQ is the sum of all trivial paths, i.e., 1 KQ = i∈Q0 e i .
A fundamental concept in the theory of Fomin and Zelevinsky's cluster algebras is mutation; for quivers this takes the following shape.
2.1 Definition. Let Q be a quiver without loops and oriented 2-cycles. For vertices i, j, let a ij denote the number of arrows from i to j, where a ij < 0 means that there are a ij arrows from j to i. The mutation of Q at the vertex k yields a new quiver Q ′ obtained from Q by the following procedure:
2. For all vertices i = j, different from k, such that a ij ≥ 0 modify the number of arrows as follows:
if a ik ≥ 0 and a kj ≥ 0, then a
Cluster-tilted algebras of finite representation type
Cluster-tilted algebras arise as endomorphism algebras of cluster-tilting objects in a cluster category [7] . For the special case of Dynkin quivers the cluster-tilted algebras are known to be of finite representation type. Moreover, by a result of Buan and Reiten [9] they can be described as quivers with relations by a simple combinatorial recipe to be recalled below. As a consequence, a cluster-tilted algebra of Dynkin type is uniquely determined by its quiver. We recall some background from [9] . An oriented cycle in a quiver is called full if it does not contain any repeated vertices and if the subquiver generated by the cycle contains no other arrows. If there is an arrow i → j in a quiver Q then a path from j to i is called shortest path if the induced subquiver is a full cycle. We now describe cluster-tilted algebras of Dynkin type by a quiver with relations, i.e. in the form KQ/I where Q is a finite quiver and I is some admissible ideal in the path algebra KQ. Recall that the quivers associated with cluster-tilted algebras of Dynkin type are precisely the quivers in the the mutation class of the corresponding Dynkin quiver.
Relations are linear combinations k 1 ω 1 + · · · + k m ω m of paths ω i in Q, all starting in the same vertex and ending in the same vertex, and with each k i non-zero in K. If m = 1, we call the relation a zero-relation. If m = 2 and k 1 = 1, k 2 = −1, and we call it a commutativity-relation (and say that the paths ω 1 and ω 2 commute). It will turn out that for cluster-tilted algebras of Dynkin type the ideal I can be generated by only using zero-relations and commutativity relations. Finally, a relation ρ is called minimal if whenever
where ρ i is a relation for every i, then there is an index j such that both β j and γ j are scalars. [9] ) A cluster-tilted algebra A of finite representation type is of the form A = KQ/I, where Q is mutation equivalent to a Dynkin quiver and where the ideal I can be described as follows. Let i and j be vertices in Q.
Proposition. (Buan and Reiten
1. The ideal I is generated by minimal zero-relations and minimal commutativity-relations.
2. Assume there is an arrow i → j. Then there are at most two shortest paths from j to i.
i) If there is exactly one, then this is a minimal zero-relation.
ii) If there are two, ω and µ, then ω and µ are not zero in A and there is a minimal relation ω − µ.
3. Up to multiplication by non-zero elements of K there are no other minimal zero-relations or commutativity-relations than the ones coming from 2.
2.3 Example. We consider the following quiver Q of type E 6 1 2 3 4 5
6
If we mutate at vertex 2, we get the following quiver Q 1
The corresponding cluster-tilted algebra is of the form A = KQ/I where I is generated by the zero relations α 1 α 3 , α 2 α 1 and α 3 α 2 (and there are no commutativity relations). Mutating the latter quiver at the vertex 3 leads to the quiver Q 2
Here, the ideal of relations of the corresponding cluster-tilted algebra is generated by the zero relations α 2 α 4 , α 5 α 4 , α 4 α 3 and α 4 α 6 and the commutativity relation α 3 α 2 = α 6 α 5 .
Cartan matrices
Let A = KQ/I be an algebra given by a quiver Q = (Q 0 , Q 1 ) with relations. Since i∈Q0 e i is the unit element in A we get a decomposition A = A · 1 = i∈Q0 Ae i , hence the (left) A-modules P i := Ae i are the indecomposable projective A-modules. The Cartan matrix C = (c ij ) of A is a |Q 0 | × |Q 0 |-matrix defined by setting c ij = dim K Hom A (P j , P i ). Any homomorphism ϕ : Ae j → Ae i of left A-modules is uniquely determined by ϕ(e j ) ∈ e j Ae i , the K-vector space generated by all paths in Q from vertex i to vertex j, which are nonzero in A. In particular, we have c ij = dim K e j Ae i , i.e., computing entries of the Cartan matrix for A reduces to counting paths in Q.
For cluster-tilted algebras of Dynkin type the entries of the Cartan matrix can only be 0 or 1, as the following result shows.
2.4 Proposition. (Buan, Marsh, Reiten [8] ) Let A be a cluster-tilted algebra of finite representation type and let P i , P j be indecomposable projective A-modules.
2.5 Example. We have a look at the examples in Example 2.3 again, and compute their Cartan matrices. For the Dynkin quiver Q of type E 6 with the above orientation we get the following Cartan matrix for KQ/I since the paths from vertex 1 to 2, from 2 to 3 and from 3 to 1 are zero.
Finally, for the quiver Q 2 obtained from Q 1 by mutating at vertex 3, the cluster-tilted algebra has Cartan . Note that the two paths from vertex 3 to vertex 2 (over 4 or 6) are the same since we have the commutativity relation α 3 α 2 = α 6 α 5 .
Tilting complexes and derived equivalences
In this section we briefly review the fundamental results on derived equivalences needed later for our calculations. All algebras are assumed to be finite-dimensional K-algebras. For a K-algebra A the bounded derived category of A-modules is denoted by D b (A). Recall that two algebras A, B are called derived equivalent if D b (A) and D b (B) are equivalent as triangulated categories. By a famous theorem of Rickard [21] derived equivalences can be found using the concept of tilting complexes.
2.6 Definition. A tilting complex T over A is a bounded complex of finitely generated projective Amodules satisfying the following conditions:
ii) the category add(T ) (i.e. the full subcategory consisting of direct summands of direct sums of T ) generates the homotopy category K b (P A ) of projective A-modules as a triangulated category.
We can now formulate Rickard's seminal result.
2.7 Theorem. (Rickard [21] ) Two algebras A and B are derived equivalent if and only if there exists a tilting complex T for A such that the endomorphism algebra
For calculating the endomorphism ring End D b (A) (T ) we can use the following alternating sum formula which gives a general method for computing the Cartan matrix of an endomorphism ring of a tilting complex from the Cartan matrix of the algebra A.
2.8 Proposition. (Happel [16] ) For an algebra A let Q = (Q r ) r∈Z and R = (R s ) s∈Z be bounded complexes of projective A-modules. Then
In particular, if Q and R are direct summands of tilting complexes then
3 Derived equivalences of cluster-tilted algebras of type E 6
For the mutation class of E 6 we start with the following quiver and compute all quivers which can be obtained from it by a finite number of mutations. For this, we used the software of B. Keller [18] . The class we get consists (up to sink/source equivalence) of 21 different algebras. We can divide these algebras into 5 groups by computing the Cartan matrices and their unimodular invariants. The following result shows that these unimodular invariants are actually derived invariants and it will be used frequently throughout the paper (a proof can be found in [5] , Proposition 1.5).
3.1 Theorem. Let A be a finite-dimensional algebra. The unimodular equivalence class of the Cartan matrix C A is invariant under derived equivalence. In particular, the determinant of the Cartan matrix is invariant under derived equivalence.
Note that we call two matrices C, D with entries in a polynomial ring Z unimodularly equivalent (over Z) if there exist matrices P, Q over Z of determinant 1 such that D = P CQ.
We get one cluster-tilted algebra with Cartan determinant 1 (which is the algebra corresponding to the quiver above), one algebra with unimodular Cartan invariants (2, 2), 4 algebras with Cartan invariant (2) and 6 with Cartan invariant (4). Furthermore, we have 9 cluster-tilted algebras with Cartan invariant (3) . Note that all numbers of algebras are up to sink/source equivalence.
First we list the quivers of all cluster-tilted algebras and their Cartan matrices. The associated cluster-tilted algebras are denoted by A number .
The following theorem is the main result of this section.
3.2 Theorem. All cluster-tilted algebras having the same unimodular Cartan invariants (1), (2, 2), (3) or (4) are derived equivalent. Among the cluster-tilted algebras with invariant (2) there are 3 derived equivalent algebras (up to sink/source equivalence), namely A 2 , A 7 and A 12 .
Derived equivalences for invariant (4)
Since we deal with left modules and read paths from right to left, a nonzero path from vertex i to j gives a homomorphism P j → P i by right multiplication. Thus, two arrows α : i → j and β : j → k give a path βα from i to k and a homomorphism αβ : P k → P i . Let T = 6 i=1 T i be the following bounded complex of projective A 5 -modules, where T i : 0 → P i → 0, i ∈ {1, 2, 4, 5, 6}, are complexes concentrated in degree zero and T 3 : 0 → P 3 α2 −→ P 2 → 0 is a complex in degrees −1 and 0. Now we want to show that T is a tilting complex. Property i) of Definition 2.6 is clear for |i| ≥ 2 since T is concentrated in two degrees. We begin with possible maps T 3 → T 3 [1] and
Here α 2 is a basis of the space of homomorphisms between P 3 and P 2 . But the homomorphism α 2 is homotopic to zero and in the second case there is no non-zero homomorphism P 2 → P 3 (as we can see in the Cartan matrix of A 5 ).
Now let i = −1 and consider possible maps T 3 → T j [−1], j = 3. These maps are given by a map of complexes as follows
where Q could be either P 1 , P 2 , P 4 , P 5 or direct sums of these. Note that there is no non-zero homomorphism P 3 → P 6 since this is a zero-relation in the quiver of A 5 . There exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every path from vertex i ∈ {1, 2, 4, 5} to vertex 3 ends with α 2 . Hence, every homomorphism from P 3 to P 1 , P 2 , P 4 or P 5 starts with α 2 , up to scalars and thus, every homomorphism P 3 → Q can be factored through the map α 2 :
Directly from the definition we see that Hom(T, T j [−1]) = 0 for j ∈ {1, 2, 4, 5, 6} and thus we have shown that Hom(T,
Finally, let i = 1. We have to consider maps T j → T 3 [1] for j = 3. These are given as follows
where Q can be either P 5 , P 6 or direct sums of these. Note that Hom(P j , P 3 ) = 0 for j = 1, 2 and j = 4. But no non-zero map can be zero when composed with α 2 since the path α 4 α 3 α 2 = α 8 α 6 = 0. So the only homomorphism of complexes T j → T 3 [1] , j = 3, is the zero map. It follows that Hom D b (PA 5 ) (T, T [i]) = 0 in the homotopy category.
Secondly we have to show that add(T ) generates K b (P A ) as a triangulated category. It suffices to show that the projective indecomposable modules P 1 , . . . , P 6 , viewed as stalk complexes, can be generated by add(T ). We denote by P k [n] the complex with P k concentrated in degree n. Since P k , k ∈ {1, 2, 4, 5, 6}, occur as summands of T , P k [0] is in add(T ) for all k ∈ {1, 2, 4, 5, 6} and thus P k [n] is in the triangulated category generated by add(T ) for all k ∈ {1, 2, 4, 5, 6} and for all n. Thus, we have to check that P 3 [n] can be generated by add(T ). There exists a homomorphism of complexes f from P 2 [0] to the complex T 3 : 0 → P 3 α2 −→ P 2 → 0 given by id P2 in degree zero. Then the stalk complex P 3 [1] can be shown to be homotopy equivalent (i.e.,
.
By definition, add(T ) is triangulated, so it follows that the stalk complex P 3 [1] ∈ add(T ) and thus also P 3 [n] is in the triangulated category generated by add(T ) for all n which proves ii). Now we have to define homomorphisms of complexes between the summands of T which correspond to the reverse arrows of the quiver of A 9 and show that these homomorphisms satisfy the defining relations of A 9 , up to homotopy. 
First we have the embedding id : T 2 → T 3 (in degree zero). Moreover, we have the homomorphisms α 2 α 3 : T 6 → T 2 and α 4 α 5 : T 3 → T 6 . Finally, we also have homomorphisms α 1 , α 4 , α 5 , α 6 , α 7 and α 8 as before. Note that the homomorphisms correspond to the reverse arrows. Now we have to check the relations, up to homotopy. Clearly, the homomorphisms α 1 α 6 , α 6 α 7 , α 5 α 6 , α 5 α 2 α 3 and α 2 α 3 α 4 α 5 are zero since they were zero in A 5 . As we can see, the two paths from vertex 4 to vertex 2 and the two paths from vertex 2 to vertex 5 are the same, since we have the same commutativity relations in A 5 . It is easy to see that the two paths from vertex 6 to vertex 2 are also the same. The last zero-relation α 2 α 3 between vertex 6 and 3 is given by the homomorphism from T 3 to T 2 in degree zero. This is indeed a zero-relation since the homomorphism α 2 α 3 is homotopic to zero. Thus, we defined homomorphisms between the summands of T corresponding to the reverse arrows of the quiver of A 9 . We have shown that they satisfy the defining relations of A 9 and that the Cartan matrices of E and A 9 coincide. From this we can conclude that E ∼ = A 9 and thus, A 9 and A 5 are derived equivalent. Since A 17 is the opposite algebra of A 9 , A 17 is derived equivalent to A Now we want to show that T is a tilting complex. Since we can show like in subsection 3.1.1 that the second condition is always fulfilled for such two-term complexes we need, it suffices to prove the first one. We begin with possible maps
where ψ ∈ Hom(P 2 , P 1 ⊕ P 6 ) and (α 1 , 0), (0, α 6 ) is a basis of this two-dimensional space. The first homomorphism is homotopic to zero (as we can easily see). In the second case there is no non-zero homomorphism P 1 ⊕ P 6 → P 2 (as we can see in the Cartan matrix of A 15 ).
Now let i = −1 and consider possible maps T 2 → T j [−1], j = 2. These maps are given by a map of complexes as follows
where Q could be either P 1 , P 4 , P 5 , P 6 or direct sums of these. Note that there is no non-zero homomorphism P 2 → P 3 since this is a zero-relation in the quiver of A 15 . There exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every path from vertex i ∈ {1, 4, 5, 6} to vertex 2 ends with α 1 or α 6 . Thus, every homomorphism from P 2 to P 1 , P 4 , P 5 or P 6 starts with α 1 or α 6 , up to scalars. Hence, every homomorphism P 2 → Q can be factored through the map (α 1 , α 6 ) :
Directly from the definition we see that Hom(T, T j [−1]) = 0 for j ∈ {1, 3, 4, 5, 6} and thus we have shown that Hom(T,
Finally, let i = 1. We have to consider maps T j → T 2 [1] for j = 2. These are given as follows
where Q can be either P 3 , P 4 , P 5 or direct sums of these. Note that Hom(P j , P 2 ) = 0 for j = 1 and j = 6. But no non-zero map can be zero when composed with both α 1 and α 6 since the path α 2 α 1 is not a zero-relation. So the only homomorphism of complexes 
Considering the different labeling of the vertices, this is the Cartan matrix of A 5 . Now we have to define homomorphisms of complexes between the summands of T which correspond to the arrows of the quiver of A 5 (in the converse direction) and show that these homomorphisms satisfy the defining relations of A 5 , up to homotopy.
First we have the embeddings α := (id, 0) :
. This is a homomorphism of complexes since α 2 α 3 α 4 α 5 = 0 in A 15 . Moreover, we have the homomorphisms α 1 α 2 : T 3 → T 1 and α 6 α 2 : T 3 → T 6 . Finally, we also have homomorphisms α 3 , α 4 and α 5 as before. Note that the homomorphisms correspond to the reverse arrows. Now we have to check the relations, up to homotopy. Clearly, the homomorphisms α 6 α 2 α 3 α 4 , α 4 α 5 α 6 α 2 and α 5 α 6 α 2 α 3 in the 4-cycle are zero since they were zero in A 15 . As we can see, the two paths from vertex 3 to vertex 6 are the same, i.e., we here have the right commutativity relation. There is also another commutativity relation αα 1 α 2 = βα 6 α 2 between vertex 2 and 3 which is given by the two homomorphisms from T 3 to the first and second summand of T 2 . These are indeed the same paths since the homomorphism (α 2 α 1 , 0) is homotopic to (0, α 2 α 6 ) 0 0
Because α 2 α 3 α 4 α 5 = 0 the paths from vertex 6 to vertex 2 and from vertex 1 to 2 are zero in E. The last zero-relation is given by the concatenation of α and γ. Thus, we defined homomorphisms between the summands of T corresponding to the reverse arrows of the quiver of A 5 . We have shown that they satisfy the defining relations of A 5 and that the The following quiver corresponds to A 13 Now we want to show that T is a tilting complex. We begin with possible maps T 4 → T 4 [1] and
Here α 3 is a basis of the space of homomorphisms between P 4 and P 5 . The first homomorphism is homotopic to zero (as we can easily see). In the second case there is no non-zero homomorphism P 5 → P 4 (as we can see in Cartan matrix of A 13 ).
Now let i = −1 and consider possible maps
. These maps are given by a map of complexes as follows
where Q could be either P 2 , P 3 , P 5 or direct sums of these. Note that there is no non-zero homomorphism P 4 → P 1 and P 4 → P 6 since these are zero-relation in the quiver of A 13 . There exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every homomorphism from P 4 to P 2 , P 3 or P 5 starts with α 3 , up to scalars. Thus, every homomorphism P 4 → Q can be factored through the map α 3 : Finally, let i = 1. We have to consider maps T j → T 4 [1] for j = 4. These are given as follows
where Q can be either P 1 , P 2 or direct sums of these since Hom(P j , P 4 ) = 0 for j = 3, 5 and j = 6. But no non-zero map can be zero when composed with α 3 since the path α 1 α 4 α 3 = α 7 α 6 α 5 = 0. So the only homomorphism of complexes T j → T 4 [1] , j = 4, is the zero map. It follows that Hom D b (PA 13 ) (T, T [i]) = 0 in the homotopy category. Hence, T is indeed a tilting complex for A 13 . By Rickard's theorem, E := End D b (PA 13 ) (T ) is derived equivalent to A 13 . And thus A op 13 = A 13 is derived equivalent to E op . We claim that E is isomorphic to A 5 and we use the alternating sum formula of the Proposition by Happel for computing the Cartan matrix of E which is given as follows 
First we have the embedding id : T 5 → T 4 (in degree zero). Moreover, we have the homomorphisms α 1 α 2 : T 4 → T 1 and α 3 α 4 : T 1 → T 5 . Finally, we also have homomorphisms α 1 , α 2 , α 5 , α 6 and α 7 as before. Note that the homomorphisms correspond to the reverse arrows. Now we have to check the relations, up to homotopy. Clearly, the homomorphisms α 6 α 7 α 2 , α 7 α 2 α 5 , α 2 α 5 α 6 , α 2 α 3 α 4 , α 3 α 4 α 1 and thus α 3 α 4 α 1 α 2 are zero since they were zero in A 13 . As we can see, the two paths α 5 α 6 α 7 and α 3 α 4 α 1 from vertex 5 to vertex 2 are the same since we have the same commutativity relation in A 13 . It is easy to see, that the two path from vertex 1 to vertex 5 are also the same. The last zero-relation α 3 α 4 between vertex 4 and 1 is given by the homomorphism from T 1 to T 4 in degree zero. This is indeed a zero-relation since the homomorphism α 3 α 4 is homotopic to zero. Thus, we have shown that the defined homomorphisms between the summands of T correspond to the reverse arrows of the quiver of A 5 . From this we can conclude that E ∼ = A 5 and thus, A 13 and A 5 are derived equivalent. Hence, we get derived equivalences between A 5 , A 9 , A 13 , A 15 , A 17 and A 18 .
Moreover, we have shown that all cluster-tilted algebras with Cartan invariant (4) are derived equivalent. 
Derived equivalences for invariant (3)
T i be the following bounded complex of projective A 3 -modules, where T i : 0 → P i → 0, i ∈ {1, 2, 3, 4, 6}, are complexes concentrated in degree zero and T 5 : 0 → P 5 α5 −→ P 2 → 0 is a complex concentrated in degrees −1 and 0. Now we want to show that T is a tilting complex. Since condition i) is obvious for all |i| ≥ 2 we begin with possible maps
where α 5 is a basis of the space of homomorphisms between P 5 and P 2 . The homomorphism α 5 is homotopic to zero and in the second case there is no non-zero homomorphism P 2 → P 5 (as we can see in the Cartan matrix of A 3 ).
These are given by maps of complexes as follows
where Q could be either P 1 , P 2 , P 4 or direct sums of these. Note that there are no non-zero homomorphisms P 5 → P 3 and P 5 → P 6 since these are zero-relations in the quiver of A 3 .
There exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every homomorphism from P 5 to P 1 , P 2 or P 4 starts with a scalar multiple of α 5 . Thus, every homomorphism P 5 → Q can be factored through the map α 5 :
Directly from the definition we see that Hom(T, T j [−1]) = 0 for j ∈ {1, 2, 3, 4, 6} and thus we have shown that Hom(T,
Finally, let i = 1. We have to consider maps T j → T 5 [1] for j = 5. These are given as follows
where Q can be either P 4 , P 6 or direct sums of these since Hom(P j , P 5 ) = 0 for j = 1, 2 and j = 3. But no non-zero map can be zero when composed with α 5 since the path α 7 α 6 α 5 = α 3 α 2 = 0. So the only homomorphism of complexes 
First we have the embedding id : T 2 → T 5 (in degree zero). Moreover, we have the homomorphisms α 5 α 6 : T 6 → T 2 and α 7 α 4 : T 5 → T 6 . Finally, we also have homomorphisms α 1 , α 2 , α 3 , α 4 and α 7 as before. Note that the homomorphisms correspond to the reverse arrows. Now we have to check the relations, up to homotopy.
Clearly, the homomorphisms α 3 α 4 , α 4 α 2 , α 4 α 5 α 6 and α 5 α 6 α 7 α 4 are zero since they were zero in A 3 . As we can see, the two paths from vertex 6 to vertex 2 are the same, i.e., we here have the right commutativity relation. There is also another commutativity relation α 2 α 3 = α 5 α 6 α 7 between vertex 2 and 4 since these are the same paths in A 3 . The concatenation of id and α 5 α 6 yields to a zero-relation since the homomorphism α 5 α 6 is homotopic to zero. Thus, we defined homomorphisms between the summands of T corresponding to the reverse arrows of the quiver of A 20 . We have shown that they satisfy the defining relations of A 20 and that the Cartan matrices of E and A 20 coincide. From this we can conclude that E ∼ = A 20 and thus, A 3 and A 20 are derived equivalent. Since A 20 is sink/source-equivalent to its opposite algebra, A 20 is also derived equivalent to A op 3 = A 10 . Hence, we get derived equivalences between A 3 , A 10 and A 20 .
A 3 is derived equivalent to A 14
Now we define a second bounded complex for A 3 by adding another two-term complex. Let T = 6 i=1 T i be the complex with T i : 0 → P i → 0, i ∈ {1, 2, 3, 6}, concentrated in degree zero and
To show that T is a tilting complex we begin with possible maps T 4 → T 4 [1] and T 4 → T 4 [−1] since we've shown this for T 5 above.
where ψ ∈ Hom(P 4 , P 3 ⊕ P 6 ) and (α 3 , 0), (0, α 7 ) is a basis of this two-dimensional space. The first homomorphism is homotopic to zero (as we can easily see). In the second case there is no non-zero homomorphism P 3 ⊕ P 6 → P 4 (as we can see in the Cartan matrix of A 3 ).
Next we have a look at possible maps
where g can be seen as α 2 α 3 = α 5 α 6 α 7 since this is a basis of the space of homomorphisms between P 4 and P 2 and h can be seen as (0, α 6 ) since this is a basis of the space of homomorphisms between P 3 ⊕ P 6 and P 5 . Moreover, α 4 is a basis of the space of homomorphisms between P 2 and P 4 . As we can see, g is homotopic to zero and α 4 is not a homomorphism of complexes since (α 3 α 4 , α 7 α 4 ) = (0, α 7 α 4 ) = 0. With the same argument h is not a homomorphism of complexes between T 4 and T 5 [1] . Furthermore, there is no non-zero homomorphism between P 5 and P 3 ⊕ P 6 , as we can see in the Cartan matrix of A 3 .
Because we've already determined maps between T 5 and T j [i], j / ∈ {4, 5}, we consider possible maps
∈ {4, 5}. These are given by maps of complexes as follows
where Q could be either P 1 , P 2 , P 3 , P 6 or direct sums of these and
where R can be P 2 since Hom(P j , P 4 ) = 0 for j = 1, 3 and j = 6. In the first case, there exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every homomorphism from P 4 to P 1 , P 2 , P 3 or P 6 starts with a scalar multiple of α 3 or α 7 . Thus, every homomorphism P 4 → Q can be factored through the map (α 3 , α 7 ) : P 4 → P 3 ⊕ P 6 . In the second case, the only homomorphism of complexes T 2 → . Moreover, we have the homomorphisms α 5 α 6 : T 4 → T 2 and α 7 α 4 : T 5 → T 6 . Finally, we also have the homomorphism α 1 as before. Note that the homomorphisms correspond to the reverse arrows. Now we have to show that these homomorphisms satisfy the defining relations of A 14 , up to homotopy. Clearly, the homomorphisms α 7 α 4 α 5 α 6 and (0, α 5 α 6 α 7 α 4 ) in the 4−cycle are zero since they were zero in A 3 . The concatenation of β, α 7 α 4 and id yields to a zero-relation since the homomorphism (0, α 7 α 4 ) is homotopic to zero. In the same way the concatenation of id, α 5 α 6 and β yields to a zero-relation. Thus, we defined homomorphisms between the summands of T corresponding to the reverse arrows of the quiver of A 14 . From this we can conclude that E ∼ = A 14 and thus, A 3 and A 14 are derived equivalent. Since A 14 is its own opposite algebra, A 14 is also derived equivalent to A op 3 = A 10 . Hence, we get derived equivalences between A 3 , A 10 , A 14 and A 20 .
A 3 is derived equivalent to A 4
The third bounded complex for A 3 is given by T = 6 i=1 T i with T i : 0 → P i → 0, i ∈ {1, 3, 4, 5, 6} (in degree zero) and T 2 : 0 → P 2 (α1,α4) −→ P 1 ⊕ P 4 → 0 in degrees −1 and 0.
For showing that T is a tilting complex, we begin with possible maps
Here ψ ∈ Hom(P 2 , P 1 ⊕ P 4 ) and (α 1 , 0), (0, α 4 ) is a basis of this two-dimensional space. But then ψ is homotopic to zero (as we can easily see). In the second case (0, α 2 α 3 ) = (0, α 5 α 6 α 7 ) is a basis of the space of homomorphisms between P 1 ⊕ P 4 and P 2 . Hence, ϕ is not a homomorphism of complexes since α 1 α 2 α 3 = α 1 α 5 α 6 α 7 = 0. Now let i = −1 and consider possible maps T 2 → T j [−1], j = 2. These are given by maps of complexes as follows 0 → P 2 (α1,α4)
where Q could be either P 1 , P 4 , P 6 or direct sums of these. Note that there are no non-zero homomorphisms P 2 → P 3 and P 2 → P 5 since these are zero-relations in the quiver of A 3 .
There exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every homomorphism from P 2 to P 1 , P 4 or P 6 starts with a scalar multiple of α 1 or α 4 . Thus, every homomorphism P 2 → Q can be factored through the map (α 1 , α 4 ) :
where Q can be either P 3 , P 4 , P 5 , P 6 or direct sums of these since Hom(P 1 , P 5 ) = 0. But no non-zero map can be zero when composed with both α 1 and α 4 since the paths α 2 α 1 and α 5 α 1 are not zero. So the only homomorphism of complexes Then the quiver of E is of the following form
where α := (id, 0) : T 1 → T 2 and β := (0, id) : T 4 → T 2 are the embeddings, γ : T 2 → T 5 is defined by the map (0, α 6 α 7 ) : P 1 ⊕ P 4 → P 5 and δ : T 2 → T 3 is defined by (0, α 3 ) : P 1 ⊕ P 4 → P 3 (in degree 0). These are a homomorphisms of complexes since α 6 α 7 α 4 = 0 and α 3 α 4 = 0 in A 3 . Moreover, we have the homomorphisms α 1 α 2 : T 3 → T 1 , α 1 α 5 : T 5 → T 1 and α 4 α 5 : T 5 → T 4 . Finally, we also have homomorphisms α 6 and α 7 as before. Note that the homomorphisms correspond to the reverse arrows. Now we have to check the relations, up to homotopy. Clearly, the homomorphisms α 4 α 5 α 6 , α 7 α 4 α 5 and (0, α 4 α 5 α 6 α 7 ) are zero since they were zero in A 3 . As we can see, the two paths from vertex 5 to vertex 4 are the same, i.e., we here have the right commutativity relation. There are also two other commutativity relations left. First (0, α 1 α 2 α 3 ) = (0, α 1 α 5 α 6 α 7 ) between vertex 1 and 2 is one of them since these are the same paths in A 3 . Secondly, the two paths from vertex 2 to vertex 5 are the same since (α 1 α 5 , 0) is homotopic to (0, α 4 α 5 ). It is easy to see that the concatenation of γ and α and the concatenation of δ and α are zero-relations. Finally, the path from vertex 2 to vertex 3 is zero since (α 1 α 2 , 0) is homotopic to zero. Thus, we can conclude that E ∼ = A 4 and thus, A 3 and A 4 are derived equivalent. Let T = 6 i=1 T i be the following bounded complex of projective A 6 -modules, where For showing that T is a tilting complex we begin with possible maps
Here α 5 is a basis of the space of homomorphisms between P 5 and P 4 . Then α 5 is homotopic to zero (as we can easily see). In the second case there is no non-zero homomorphism
Now let i = −1 and consider possible maps T 5 → T j [−1], j = 5. These are given by maps of complexes as follows
where Q could be either P 3 , P 4 or direct sums of these. Note that there are no non-zero homomorphisms P 5 → P 1 , P 5 → P 2 and P 5 → P 6 since these are zerorelations in the quiver of A 6 . There exist non-zero homomorphisms of complexes between P 5 and P 3 or P 4 . But they are all homotopic to zero since every homomorphism starts with a scalar multiple of α 5 . Thus, every homomorphism P 5 → Q can be factored through the map α 5 :
We see that Hom(T, T j [−1]) = 0 for j ∈ {1, 2, 3, 4, 6} and thus we have shown that
Finally, let i = 1. We have to consider maps T j → T 5 [1] for j = 5. These are given as follows 
It follows that Hom
First we have the embedding id : 
Here α 4 is a basis of the space of homomorphisms between P 5 and P 4 . The homomorphism α 4 is homotopic to zero and in the second case there is no non-zero homomorphism P 4 → P 5 (as we can see in the Cartan matrix of A 16 ).
where Q could be either P 3 , P 4 or direct sums of these. Note that there are no non-zero homomorphisms P 5 → P 1 , P 5 → P 2 and P 5 → P 6 since these are zerorelations in the quiver of A 16 .
There exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every homomorphism from P 5 to P 3 or P 4 starts with a scalar multiple of α 4 . Thus, every homomorphism P 5 → Q can be factored through the map α 4 :
Hence, Hom(T, T j [−1]) = 0 for j ∈ {1, 2, 3, 4, 6} and thus we have shown that Hom(T,
where Q can be either P 2 , P 3 or direct sums of these since Hom(P j , P 5 ) = 0 for j = 1, 4 and j = 6. But no non-zero map can be zero when composed with α 4 since the path α 2 α 5 α 4 = α 7 α 6 = 0. So the only homomorphism of complexes T j → T 
Derived equivalences for invariant (2)
Let T = 6 i=1 T i be the following bounded complex of projective A 7 -modules. Let T i : 0 → P i → 0, i ∈ {1, 2, 4, 5, 6}, be complexes concentrated in degree zero and T 3 : 0 → P 3 (α2,α5,α6) −→ P 2 ⊕ P 5 ⊕ P 6 → 0 in degrees −1 and 0. Now we want to show that T is a tilting complex and we begin with possible maps T 3 → T 3 [1] and
where ψ ∈ Hom(P 3 , P 2 ⊕ P 5 ⊕ P 6 ) and (α 2 , 0, 0), (0, α 5 , 0), (0, 0, α 6 ) is a basis of this three-dimensional space of homomorphisms. Then homomorphism ψ is homotopic to zero and in the second case there is no non-zero homomorphism P 2 ⊕ P 5 ⊕ P 6 → P 3 (as we can see in the Cartan matrix of A 7 ).
where Q could be either P 1 , P 2 , P 5 , P 6 or direct sums of these. Note that there is no non-zero homomorphism P 3 → P 4 since this is a zero-relation in the quiver of A 7 .
There exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every homomorphism from P 3 to P 1 , P 2 , P 5 or P 6 starts with α 2 , α 5 or α 6 , up to scalars. Thus, every homomorphism
Finally, let i = 1. We have to consider maps T j → T 3 [1] for j = 3. But these are given as follows
since Hom(P j , P 3 ) = 0 for j = 1, 2, 5 and j = 6. But the concatenation of (α 2 , α 5 , α 6 ) and α 3 is not zero since α 2 α 3 = 0 and α 6 α 3 = 0. So the only homomorphism of complexes Then we define δ : T 3 → T 4 by the map (0, α 4 , 0) : P 2 ⊕ P 5 ⊕ P 6 → P 4 in degree 0. This is a homomorphism of complexes since α 4 α 5 = 0 in A 7 . Moreover, we have the homomorphisms α 2 α 3 : T 4 → T 2 and α 6 α 3 : T 4 → T 6 . Finally, we also have the homomorphism α 1 as before. Note that the homomorphisms correspond to the reverse arrows. Now we have to check the relations, up to homotopy. Clearly, the homomorphisms (0, α 6 α 3 α 4 , 0) and (0, α 2 α 3 α 4 , 0) are zero since they were zero in A 7 . As we can see, the paths from vertex 4 to vertex 2 and to vertex 6 are zero. There is one commutativity relation left. The two paths from vertex 3 to vertex 4 are the same since (0, 0, α 6 α 3 ) is homotopic to (α 2 α 3 , 0, 0). From this we can conclude that E ∼ = A 2 and thus, A 7 and A 2 are derived equivalent.
A 2 is derived equivalent to A 12
Now we consider A 2 with the following quiver To show that T is a tilting complex we begin with possible maps
where α 2 is a basis of the space of homomorphisms between P 3 and P 2 and α 6 is a basis of the space of homomorphisms between P 6 and P 2 . The first homomorphisms are homotopic to zero (as we can easily see). In the second cases there are no non-zero homomorphisms P 2 → P 3 and P 2 → P 6 (as we can see in the Cartan matrix of A 2 ).
As above, α 2 and α 6 are homotopic to zero and in the other cases there are no non-zero homomorphisms.
Now we consider possible maps T 3 → T j [−1] and T j → T 3 [1] , j / ∈ {3, 6}. These are given by maps of complexes as follows 0
where Q could be either P 1 , P 2 or direct sums of these since Hom(P 3 , P j ) = 0 for j = 4 and j = 5, and
where R can be either P 4 , P 5 or direct sums of these since Hom(P j , P 3 ) = 0 for j = 1 and j = 2. In the first case, there exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every homomorphism from P 3 to P 1 or P 2 starts with a scalar multiple of α 2 . Thus, every homomorphism P 3 → Q can be factored through the map α 2 : P 3 → P 2 . In the second case, no non-zero map can be zero when composed with α 2 since the path α 4 α 2 = α 7 α 6 = 0. So the only homomorphism of complexes T j → T 3 [1] , j = 3, is the zero map.
Finally, we consider possible maps T 6 → T j [−1] and T j → T 6 [1] , j / ∈ {3, 6}. These are given by maps of complexes as follows 0 → P 6
where Q could be either P 1 , P 2 or direct sums of these since Hom(P 6 , P j ) = 0 for j = 4 and j = 5, and
since Hom(P j , P 6 ) = 0 for j = 1, 2 and j = 4. In the first case, there exist non-zero homomorphisms of complexes. But they are all homotopic to zero since every homomorphism from P 6 to P 1 or P 2 starts with a scalar multiple of α 6 . Thus, every homomorphism P 6 → Q can be factored through the map α 6 : P 6 → P 2 . In the second case, the only homomorphism of complexes Now we have to define homomorphisms of complexes between the summands of T which correspond to the arrows of the quiver of A 12 (in the other direction). First we have the embeddings id : T 2 → T 3 and id : T 2 → T 6 (in degree zero). Moreover, we have the homomorphisms α 6 α 7 = α 2 α 4 : T 5 → T 2 , α 5 : T 3 → T 5 and α 5 : T 6 → T 5 . Finally, we also have the homomorphisms α 1 and α 3 as before. Note that the homomorphisms correspond to the reverse arrows. Now we have to show that these homomorphisms satisfy the defining relations of A 12 , up to homotopy. Clearly, the homomorphism α 6 α 7 α 5 = α 2 α 4 α 5 is zero since it was zero in A 2 . It is easy to see, that the two paths from vertex 5 to vertex 2 are the same, i.e., we have the right commutativity relation. The two paths from vertex 6 to vertex 5 and from vertex 3 to vertex 5 are zero since α 6 α 7 = α 2 α 4 is homotopic to zero. Thus, we defined homomorphisms between the summands of T corresponding to the reverse arrows of the quiver of A 12 . From this we can conclude that E ∼ = A 12 and thus, A 2 and A 12 are derived equivalent.
Hence, we get derived equivalences between A 2 , A 7 and A 12 .
The first Hochschild cohomology group of cluster-tilted algebras of finite type
Given a tilted algebra B, it was shown in [2] that the trivial extension B ⋉ Ext (DB, B) is cluster-tilted, and conversely, every cluster-tilted algebra is of this form. In particular, one can construct the quiver of a cluster-tilted algebra A from the quiver of a corresponding tilted algebra B. In [3] Assem and Redondo give a method for computing the first Hochschild cohomology group of a cluster-tilted algebra A of finite type by knowing its quiver and the quiver of B: [3] ) Let A be a cluster-tilted algebra of finite type. Then
Proposition. (Assem and Redondo
To distinguish the cluster-tilted algebras of type E 7 and E 8 with unimodular invariants (6) and (2, 3) we compute the corresponding numbers n A,B .
Cluster-tilted algebras of type E 8 with invariants (6) and (2, 3)
Given the quiver of a cluster-tilted algebra of type E we search for a quiver of a corresponding tilted algebra in the lists given by Roggon in [22] .
Let A 1 be the cluster-tilted algebra of type E 8 with invariants (2, 3) and quiver
We find the following quiver of a corresponding tilted algebra B 1
where the zero-relations are indicated by a dotted line joining the start point and the end point of the relation. Thus, there are two commutativity relations which belong to R A1 \R B1 , i.e., n ′ A1,B1 = 2. Furthermore, |R B1 | = 4 and n A1,B1 = |R B1 | − n ′ A1,B1 = 4 − 2 = 2. On the other hand, let A 2 be the cluster-tilted algebra with invariant (6) and quiver
We also find a quiver of a corresponding tilted algebra B 2 given as follows where the commutativity relation is indicated by a dotted line. Thus, there are no commutativity relations in R A2 \R B2 , i.e., n 
Cluster-tilted algebras of type E 7 with invariants (6) and (2, 3)
Now, let A 1 be the cluster-tilted algebra of type E 7 with invariants (2, 3) and quiver
We find the following quiver of a corresponding tilted algebra B 1 where the zero-relations again are indicated by a dotted line joining the start point and the end point of the relation. Hence, we have two commutativity relations in R A1 \R B1 , i.e., n ′ A1,B1 = 2. Furthermore,
There is only one cluster-tilted algebra A of type E 7 with invariant (6) corresponding to the quiver and we have not found an associated tilted algebra in the list of Roggon in [22] . Nevertheless, we can show that the dimension of the first Hochschild cohomology group of this algebra is 1 since the following cluster-tilted algebra of type E 8 with invariant (6) and quiver i is a one-point extension algebra of A by Ae i ; see the next Section 4.3.
Hence, all cluster-tilted algebras of type E 7 with invariants (2, 3) are not derived equivalent to the algebra A with invariant (6) (using the result in Section B.2 below that all algebras with invariant (2, 3) are derived equivalent).
One-point extensions
In this section we recall the definition of one-point extension algebras. For this special class of algebras there is a way of computing the Hochschild cohomology of a given algebra by knowing the Hochschild cohomology of a particular factor algebra (see [15, section 5] ). Let A be finite-dimensional K-algebra and let M be a finitely generated left A-module. The one-point extension algebra
with multiplication given by
where a, b ∈ A, m, n ∈ M and λ, µ ∈ K. [15] ) Let A be a finite-dimensional K-algebra and let M be a finitely generated left A-module. We denote by A ′ the one-point extension of A by M . Then there exists the following long exact sequence connecting the Hochschild cohomology of A and A ′ : 
Theorem. (Happel
0 → HH 0 (A ′ ) → HH 0 (A) → End A (M )/K → HH 1 (A ′ ) → HH 1 (A) → Ext 1 A (M, M ) → · · · · · · → Ext i A (M, M ) → HH i+1 (A ′ ) → HH i+1 (A) → Ext i+1 A (M, M ) → · · · Let A = KQ A /I
4). Altogether, we get that HH
i (A ′ ) → HH i (A) is an isomorphism and hence, dim K HH i (A ′ ) = dim K HH i (A) for all i ≥ 0.
Cluster-tilted algebras of type E 7 with invariants (2), (2, 2) and (4)
In Section B we give an almost complete derived equivalence classification of cluster-tilted algebras of type E 7 . But a few questions remain open. For the Cartan invariant (2) there are 10 algebras (up to sink/source equivalence) and we have found three subclasses of derived equivalent algebras. In case (2, 2), there are 9 algebras (up to sink/source equivalence) and we have found three subclasses of derived equivalent algebras. Finally, in case (4), there are 35 algebras (up to sink/source equivalence) and we have found two subclasses of derived equivalent algebras.
In this section we also present quivers of tilted algebras (with the help of the lists in [22] ) corresponding to representatives of these classes and compute the dimensions of their first Hochschild cohomology groups. But we are again not able to decide whether algebras in different groups are derived equivalent or not since it turns out that the dimensions coincide:
Invariant (2)
Let A 1 be a cluster-tilted algebra of type E 7 with invariant (2) which is sink/source equivalent to an algebra in the class of size 6. The quiver is given as follows:
where the zero-relations are indicated by a dotted line. Thus, there are no commutativity relations which belong to R A1 \R B1 . Furthermore, |R B1 | = 1 and n A1,B1 = 1. Now, let A 2 be the cluster-tilted algebra with invariant (2) which is sink/source equivalent to an algebra in the class of size 3:
A quiver of a corresponding tilted algebra B 2 is given as follows Again, there are no commutativity relations in R A2 \R B2 and n A2,B2 = 1.
Finally, let A 3 be the cluster-tilted algebra with invariant (2) in the last class of size 1 corresponding to the following quiver A quiver of a corresponding tilted algebra B 3 is given as follows where the commutativity relation is indicated by a dotted line. Also here there are no commutativity relations in R A3 \R B3 and thus, n A3,B3 = 1.
Invariants (2, 2)
Let A 1 be a cluster-tilted algebra of type E 7 with invariants (2, 2) which is sink/source equivalent to an algebra in the class of size 6. The quiver is given as follows:
where the zero-relations are indicated by a dotted line. Thus, there are no commutativity relations which belong to R A1 \R B1 . Furthermore, |R B1 | = 2 and thus, n A1,B1 = 2. Now, let A 2 be the cluster-tilted algebra with invariants (2, 2) which is in the class of size 2:
A quiver of a corresponding tilted algebra B 2 is given as follows where the zero-and commutativity relations are indicated by a dotted line. Again, there are no commutativity relations in R A2 \R B2 and n A2,B2 = 2.
Finally, let A 3 be the cluster-tilted algebra with invariants (2, 2) in the last class of size 1 corresponding to the following quiver A quiver of a corresponding tilted algebra B 3 is given as follows Also here there are no commutativity relations in R A3 \R B3 and thus n A3,B3 = 2.
Invariant (4)
Let A 1 be a cluster-tilted algebra of type E 7 with invariant (4) which is in the class of size 30. The quiver is given as follows:
where the zero-and commutativity relations are indicated by a dotted line. Thus, there are two commutativity relations which belong to R A1 \R B1 . Furthermore, |R B1 | = 3 and thus, n A1,B1 = 1. Now, let A 2 be the cluster-tilted algebra with invariant (4) which is in the class of size 5:
A quiver of a corresponding tilted algebra B 2 is given as follows
Here, there is one commutativity relation in R A2 \R B2 and n A2,B2 = 1.
4.4 Remark. Just as for E 7 we are able to compute the dimensions of the first Hochschild cohomology groups for cluster-tilted algebras of the type E 8 with invariants (2), (2, 2) and (4). But also here the dimensions coincide, i.e., we are again not able to decide whether algebras in different groups are derived equivalent, or not.
A Cluster-tilted algebras of type E 7
First we list all quivers of the cluster-tilted algebras of type E 7 . Algebras with the same Cartan invariants are arranged in one table.
Note that a tuple (a, b) stands for an arrow a → b and that the numbering of the algebras in the tables results from the numbering of the whole list.
Cartan invariant (1) algebra KQ/I quiver Q A1
(1, 2), (2, 3), (3, 4) , (4, 5) , (4, 7), (5, 6) Cartan invariants (2, 4) algebra KQ/I quiver Q A35
(1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , (5, 6) , (6, 7), (7, 3) Cartan invariant (6) algebra KQ/I quiver Q A104
(1, 2), (2, 3), (2, 5) , (3, 6) , (4, 1), (5, 4) , (5, 6) , (6, 2) , (6, 7), (7, 5) Cartan invariants (2, 2) algebra KQ/I quiver Q algebra KQ/I quiver Q A14 (2, 1), (2, 3) , (3, 4) , (4, 2), A15 (2, 1), (2, 3), (2, 5) , (3, 4), (5, 2), (5, 6), (6, 7), (7, 5) (4, 2), (5, 6), (6, 2), (7, 6) A22
(1, 2), (2, 3), (3, 4) , (4, 2), A31 (2, 1), (2, 3), (2, 5) , (3, 4) , (4, 5) , (4, 7), (5, 6) , (6, 4) (4, 2), (5, 6), (6, 7), (7, 5) A45
(1, 2), (2, 3), (3, 4) , (4, 2), A46 (2, 1), (2, 3) , (3, 4) , (3, 5) , (4, 5) , (4, 6) , (5, 3), (6, 7), (7, 4) (4, 2), (5, 2), (5, 6), (6, 7), (7, 5) A50 (2, 1), (2, 3) , (3, 4) , (3, 6) , A53 (2, 1), (2, 3) , (3, 4) , (4, 2), (4, 2), (4, 5) , (5, 3), (6, 7), (7, 3) (4, 5), (5, 3), (5, 6), (6, 7), (7, 5) A57 (2, 1), (2, 3), (2, 5) , (3, 4) , (4, 2), (5, 4), (5, 6) , (6, 7), (7, 5) Cartan invariants (2, 3) algebra KQ/I quiver Q algebra KQ/I quiver Q A24 (2, 1), (2, 3) , (3, 4) , (4, 5) , A32 (2, 1), (2, 3) , (3, 4) , (3, 6), (5, 2), (5, 6), (6, 7), (7, 5) (4, 5), (5, 2), (6, 7), (7, 3) A49
(1, 2), (2, 3), (3, 1), (3, 4) , A55 (1, 2), (2, 3), (3, 1), (3, 4) , (3, 6) , (4, 5) , (5, 2), (6, 7), (7, 3) (4, 5), (5, 6), (6, 3), (6, 7), (7, 5) A62
(1, 2), (2, 3), (3, 1), (3, 4) , A74 (1, 2), (2, 3), (2, 4), (3, 1), (4, 5) , (5, 6) , (5, 7), (6, 3), (7, 4) (4, 5), (4, 6), (5, 2), (6, 7), (7, 2) A84
(1, 2), (2, 3), (3, 1), (3, 4) , (3, 6) , A93 (1, 5), (2, 1), (2, 3), (3, 5) , (4, 1), (4, 5), (5, 3), (5, 7), (6, 5) , (7, 6) (5, 2), (5, 4), (5, 7), (6, 5), (7, 6) A96
(1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , (4, 6) , (5, 3) , (6, 3) , (6, 7), (7, 4) Cartan invariant (2) algebra KQ/I quiver Q algebra KQ/I quiver Q A2
(1, 2), (2, 3), (3, 4) , A3 (2, 1), (3, 2), (3, 4), (4, 5) , (4, 7), (5, 6) , (6, 4) (5, 3), (5, 6), (6, 7), (7, 5) A4 (2, 1), (3, 2) , (3, 4) , A5 (2, 1), (3, 2) , (3, 4) , (3, 5) , (5, 6) , (6, 3) , (7, 6) (3, 7), (4, 5), (5, 3), (6, 4) A12 (2, 1), (2, 3) , (3, 4) , (4, 2), A13 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 5) , (5, 3) , (6, 4) , (7, 6) (4, 7), (5, 3), (5, 6), (6, 4) A16
(1, 2), (2, 5) , (3, 2) , (3, 6) , A18 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 2), (5, 3), (5, 4), (7, 5) (5, 3), (5, 6) , (6, 4) , (6, 7) A20
(1, 2), (2, 3), (3, 4) , (4, 5) , A25 (1, 2), (2, 3), (3, 5) , (4, 3), (5, 3), (5, 6) , (5, 7), (6, 4) (5, 4), (5, 6) , (6, 3) , (6, 7) Cartan invariant (5) algebra KQ/I quiver Q algebra KQ/I quiver Q A11 (2, 1), (2, 3) , (3, 4) , A42 (1, 2), (2, 3), (3, 4) , (4, 1) (4, 5), (5, 6), (6, 7), (7, 2) (4, 5), (5, 6), (6, 7), (7, 3) A65
(1, 2), (1, 7), (2, 3), (3, 1), A79 (1, 2), (2, 3), (3, 4) , (4, 1) (3, 4), (4, 5) , (5, 6) , (6, 7), (7, 3) (4, 5), (5, 6), (5, 7), (6, 3), (7, 4) A81
(1, 2), (2, 3), (3, 4) , (3, 7) , A82 (1, 2), (2, 3), (3, 4) , (3, 7), (4, 1), (4, 5) , (5, 3) , (6, 5) , (7, 6) (4, 1), (4, 5) , (5, 6) , (6, 3) , (7, 6) A83
(1, 2), (2, 3), (3, 4) , (3, 7) , A90 (1, 2), (2, 5) , (3, 2) , (3, 6) , (4, 1), (4, 5) , (4, 6) , (5, 1), (6, 3) , (7, 6) (4, 7), (5, 3), (5, 4), (6, 5), (7, 5) A94 (2, 1), (2, 3) , (2, 6) , (3, 4) , (4, 2) , A102 (1, 5), (2, 1), (2, 3) , (3, 6) , (4, 3) , (4, 5) , (5, 6) , (6, 4) , (6, 7), (7, 2) (4, 7), (5, 6), (6, 2), (6, 4), (7, 6) A105
(1, 3), (2, 1), (2, 4), (2, 7), (3, 2) A106 (1, 2), (2, 3), (3, 1) , (3, 4) , (3, 5) , (4, 5) , (5, 2) , (6, 5) , (7, 3) , (7, 6) (4, 7), (5, 2), (5, 6), (6, 3), (7, 6) A107
(1, 3), (2, 1), (2, 6) , (3, 2) , (3, 7) A108 (1, 7), (2, 1), (2, 3) , (2, 6) , (3, 4) , (4, 3), (5, 2), (6, 3) , (6, 5) , (7, 4) , (7, 6) (4, 2), (4, 5) , (5, 6) , (6, 4) , (6, 7), (7, 2) A112
(1, 2), (1, 6) , (2, 3) , (3, 1) , (3, 4) , (3, 5) , (4, 2) , (5, 6) , (5, 7), (6, 3) , (7, 3) Cartan invariant (3) algebra KQ/I quiver Q algebra KQ/I quiver Q A6
(1, 2), (2, 3), (3, 4) , A7 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 7) , (5, 6) , (6, 3) (4, 5), (5, 6) , (6, 3) , (6, 7) A8
(1, 2), (2, 3), (3, 4) , A17 (1, 2), (2, 3), (3, 4) , (3, 7) (3, 7), (4, 5), (5, 2), (6, 4) (4, 5), (5, 6) , (6, 3) , (7, 6) A19
(1, 2), (2, 3), (3, 4) , (4, 5) , A21 (1, 2), (2, 3), (3, 4) , (3, 7) , (5, 6) , (6, 3) , (6, 7), (7, 5) (4, 2), (4, 5) , (5, 6) , (6, 3) A23
(1, 2), (2, 3), (3, 4) , (4, 5) , A26 (1, 2), (2, 3), (3, 4) , (4, 5) , (5, 6) , (5, 7), (6, 3) , (7, 4) (4, 7), (5, 3), (6, 4), (7, 2) A27
(1, 2), (2, 3), (3, 4) , (4, 2), A28 (1, 2), (2, 4), (3, 2) , (4, 3), (4, 5) , (5, 6) , (6, 3) , (6, 7) (4, 6), (5, 2), (6, 5) , (7, 6 ) A29 (2, 1), (2, 3) , (3, 4) , (4, 5) A36 (1, 2), (2, 3), (3, 4) , (4, 5), (5, 2), (5, 6), (6, 4) , (7, 6) (4, 7), (5, 6), (6, 3), (7, 3) A37 (2, 1), (2, 3) , (3, 4) , (3, 5) , A39 (1, 2), (2, 3), (3, 4) , (4, 2), (4, 2), (5, 6), (6, 2), (7, 3) (4, 5), (4, 7), (5, 6), (6, 3) A44
(1, 2), (2, 3), (3, 4) , (3, 7) , A47 (2, 1), (2, 3) , (3, 4) , (3, 5) (4, 5), (5, 3) , (5, 6) , (6, 7), (7, 5) (4, 2), (5, 2), (5, 6), (6, 3), (7, 4) A51 (2, 1), (2, 3), (2, 5) , (3, 4) , A52 (1, 2), (2, 3), (3, 4) , (3, 6) (4, 2), (5, 4), (5, 6) , (6, 2) , (7, 6) (4, 5), (5, 3), (6, 5) , (6, 7), (7, 3) A54
(1, 2), (2, 3), (3, 4) , (4, 2), A56 (1, 2), (2, 3), (3, 5) , (4, 3) , (4, 5) , (5, 3), (5, 6) , (5, 7), (6, 4) (5, 4), (5, 6) , (6, 3) , (6, 7), (7, 5) A59 (2, 1), (2, 3) , (3, 4) , (3, 5) , A60 (1, 2), (2, 3), (2, 7), (3, 1), (4, 2), (5, 2), (5, 6), (6, 3) , (6, 7) (3, 4), (4, 5) , (5, 2), (5, 6), (6, 4) A66
(1, 2), (2, 3), (3, 4) , (4, 2), A67 (1, 2), (2, 3), (2, 6) , (3, 4) , (4, 5) , (4, 7), (5, 3), (5, 6) , (6, 4) (4, 2), (4, 5), (5, 3), (6, 4), (7, 4) A72 (2, 1), (2, 3) , (2, 6) , (3, 4) A73 (2, 1), (2, 3) , (2, 7), (3, 4) , (3, 7), (4, 2), (4, 5), (5, 6) , (6, 4) (4, 5), (4, 6), (5, 3), (6, 2), (7, 6) A75
(1, 2), (2, 3), (2, 5) , (3, 4) , (2, 7), (3, 4) , (3, 6) , (4, 2), (5, 4), (5, 6) , (6, 2) , (7, 4) (4, 5), (5, 3), (6, 2), (6, 5), (7, 6) A87
(1, 2), (2, 3), (3, 4) , (3, 5) , (4, 6) A89 (1, 2), (2, 3), (3, 4) , (4, 2), (4, 5), (5, 2), (5, 6), (6, 3) , (6, 7), (7, 4) (5, 3), (5, 6) , (6, 4) , (6, 7), (7, 5) A97
(1, 2), (2, 5) , (3, 2) , (3, 6) , (4, 2), (5, 3), (5, 4), (6, 5) , (6, 7), (7, 3) Cartan invariant (4) algebra KQ/I quiver Q algebra KQ/I quiver Q A9
(1, 2), (2, 3), (3, 4) , 6, 7), (7, 2) (5, 2), (5, 6), (6, 7), (7, 4) A34
(1, 2), (2, 3), (3, 4) , (4, 5) , A38 (2, 1), (2, 3) , (3, 4) , (4, 5) , (4, 6), (5, 2), (6, 7), (7, 3) (4, 7), (5, 6), (6, 2), (7, 3) A40 (2, 1), (2, 3) , (3, 4) , (4, 5) , A41 (2, 1), (2, 3) , (3, 4) , (4, 5) , (5, 6), (5, 7), (6, 2), (7, 4) (5, 6), (6, 2), (6, 7), (7, 5) A43 (2, 1), (2, 3), (2, 7), (3, 4), A48 (1, 2), (2, 3), (2, 7), (3, 4), (4, 5) , (5, 6) , (6, 2) , (7, 6) (4, 2), (4, 5), (5, 6), (6, 7), (7, 4) A58 (2, 1), (2, 3) , (3, 4) , (3, 5) , A61 (1, 2), (2, 3), (3, 4) , (4, 2), (4, 2), (5, 6), (5, 7), (6, 2), (7, 3) (4, 5), (5, 3), (5, 6), (6, 7), (7, 4) A63
(1, 2), (2, 3), (3, 4) , (4, 5) , A64 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 6), (5, 2), (6, 3), (6, 7), (7, 4) (4, 7), (5, 2), (5, 6), (6, 4) , (7, 6 ) A68
(1, 2), (2, 3), (2, 6), (2, 7), A69 (1, 2), (2, 3), (3, 4) , (3, 6) (3, 1), (3, 4) , (4, 5) , (5, 2) , (6, 5) (4, 2), (4, 5), (5, 3), (6, 7), (7, 5) A70
(1, 2), (2, 3), (3, 4) , (3, 7) , A71 (2, 1), (2, 3) , (3, 4) , (4, 5) (4, 5), (4, 6), (5, 2), (6, 3), (7, 6) (4, 6), (5, 3), (6, 2), (6, 7), (7, 4) A76 (2, 1), (2, 3) , (2, 4) , (3, 6) , A77 (1, 2), (1, 4) , (2, 6) , (3, 2), (4, 5), (5, 6), (6, 2), (6, 7), (7, 5) (4, 5), (5, 1), (6, 5) , (6, 7), (7, 3) A78
(1, 2), (2, 5), (3, 2), (3, 7), A80 (1, 2), (2, 6), (3, 2), (3, 4), (4, 3), (5, 6), (6.3), (7, 4) , (7, 6) (4, 5), (5, 6), (6, 3), (6, 7), (7, 2) A85
(1, 2), (2, 3), (2, 4), (3, 5) , (4, 5) , A88 (1, 2), (2, 3), (3, 4), (4, 2), (4, 5), (5, 2), (5, 6), (6, 4), (6, 7), (7, 5) (4, 7), (5, 3), (5, 6), (6, 4), (7, 6) A91
(1, 2), (2, 3), (3, 4) , (3, 6) , (4, 2) A92 (1, 2), (2, 5), (3, 2), (3, 7), (4, 3), (4, 5), (5, 3), (6, 5) , (6, 7), (7, 3) (5, 1), (5, 6), (6, 3), (7, 4), (7, 6) A95
(1, 6), (2, 1), (3, 2), (3, 7), (4, 3), A98 (1, 2), (2, 3), (2, 5), (3, 7), (4, 3), (5, 1), (6, 3), (6, 5) , (7, 4) , (7, 6) (5, 1), (5, 6), (6, 7), (7, 2), (7, 4) A99 (2, 1), (2, 5) , (3, 2) , (3, 4) , (4, 5) , A100 (1, 5), (2, 1), (2, 6), (3, 2), (3, 4), (5, 3), (5, 6), (5, 7), (6, 4), (7, 2) (4, 7), (5, 2), (6, 5), (6, 7), (7, 3) A101
(1, 2), (2, 3), (2, 5) , (3, 6) , (4, 1), A103 (1, 2), (2, 6), (3, 2), (3, 7), (4, 3), (5, 4), (5, 6), (6, 2), (6, 7), (7, 3) (5, 1), (6, 3), (6, 5) , (7, 4) , (7, 6) A109
(1, 2), (1, 4), (2, 3), (2, 5) , (3, 6) , A110 (1, 4), (2, 1), (2, 3), (2, 5) , (3, 6) , (4, 5), (5, 1), (5, 6), (6, 2), (6, 7), (7, 3) (4, 2), (5, 4), (5, 6), (6, 2), (6, 7), (7, 3) A111
(1, 2), (2, 3), (2, 4), (3, 5) , (4, 1), (4, 5), (5, 2), (5, 6), (6, 3), (6, 7), (7, 5) B Derived equivalences for cluster-tilted algebras of type E 7 First we list the opposite algebra for each cluster-tilted algebra. By a result of Rickard [21, Prop. 9 
.1], if
A is derived equivalent to B, also A op is derived equivalent to B op . After this, we list the cluster-tilted algebra, the corresponding tilting complex, the derived equivalent cluster-tilted algebra with permutation of the vertices (up to sink/source equivalence) and the resulting equivalence for the opposite algebras (if necessary). The tilting complexes are of the following form: If we have a tilting complex T = 8 i=1 T i with T i : 0 → P i → 0, i ∈ {1, 3, 4, 5, 6, 7} (in degree zero) and T 2 : 0 → P 2 → P 1 ⊕ P 5 → 0 in degrees −1 and 0 we write (2; 1, 5) for T 2 and know that the other summands are just the stalk complexes. We write the permutation as a product of disjoint cycles. If we have a permutation (135)(67) the labeling of the vertices changes as follows: 1 → 3, 3 → 5, 5 → 1, 6 → 7, 7 → 6 and the labeling of the other vertices is left unchanged. 
B.1 Cartan invariants (2, 2)
( * ) the direction of some arrow(s) is changed in a sink or source
Note that there is one single algebra A 53 . ∼ der
B.2 Cartan invariants (2, 3)
∼ der A 20 Note that there is one single algebra A 18 . 
B.4 Cartan invariant (5)
(1, 2), (2, 3), (4, 3), (5, 4), (6, 5) , (7, 6) , (8, 3) Cartan invariants (2, 2, 2) algebra KQ/I quiver Q A91
(1, 2), (2, 3), (2, 5), (3, 1), (4, 2), (5, 6), (6, 2), (6, 7), (7, 8) , (8, 6 ) A101
(1, 2), (2, 3), (2, 5), (3, 1), (4, 2), (5, 6), (5, 7), (6, 2), (7, 8) , (8, 5) Cartan invariant (2) algebra KQ/I quiver Q algebra KQ/I quiver Q A2
(1, 2), (2, 3), (3, 4) , (4, 5) , A3 (1, 2), (2, 3), (3, 4) , (4, 5) , (5, 6), (6, 7), (7, 5) , (8, 5) (5, 3), (6, 4), (7, 4) , (8, 7) A4
(1, 2), (2, 3), (4, 3), (5, 3), A5 (1, 2), (2, 3), (4, 3), (5, 3), (5, 6), (6, 7), (7, 5) , (8, 7) (6, 5), (6, 7), (7, 8) , (8, 6 ) A6
(1, 2), (2, 3), (3, 5) , (4, 3), A7 (1, 2), (2, 3), (4, 3), (5, 3), (5, 6), (5, 8) , (6, 3) , (7, 6) (5, 6), (6, 7), (6, 8) , (7, 5) A10
(1, 2), (2, 3), (3, 5) , (4, 3), A19 (1, 2), (2, 3), (3, 4) , (4, 5) , (5, 6), (5, 7), (6, 3), (7, 8) (5, 6), (6, 4) , (6, 7) , (6, 8) , (7, 5) 
A23
(1, 2), (2, 3), (4, 3), (4, 5) , A25 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 7), (5, 6), (6, 4) , (7, 6) , (8, 7) (5, 6), (6, 4) , (6, 7), (7, 5) , (8, 7) A28
(1, 2), (2, 3), (3, 4) , (4, 5) , A31 (1, 2), (3, 2) , (3, 4) , (3, 6) , (5, 6) , (5, 8) , (6, 4) , (6, 7) , (7, 5) (4, 5), (5, 3) , (5, 8) , (6, 5) , (7, 4) algebra KQ/I quiver Q algebra KQ/I quiver Q A35
(1, 2), (2, 3) , (3, 4) , (4, 5) , A46 (2, 1), (3, 2) , (3, 4) , (4, 5) , (5, 6) , (5, 7) , (6, 4) , (7, 4) , (7, 8) (4, 6), (4, 8) , (5, 3) , (6, 3) , (7, 5) Cartan invariants (2, 4) algebra KQ/I quiver Q algebra KQ/I quiver Q A59
(1, 2), (2, 3) , (3, 4) , (3, 6) , A63 (1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , (5, 1) , (6, 7) , (7, 8) , (8, 6) (4, 5), (5, 6) , (6, 7) , (7, 8) , (8, 4) 
A64
(1, 2), (2, 3) , (3, 4) , (3, 5) , A79 (1, 2), (2, 3) , (3, 4) , (4, 5) , (4, 2) , (5, 6) , (6, 7) , (7, 8) , (8, 3) (5, 6), (5, 7), (6, 2), (7, 8) , (8, 5 ) A81 (2, 1), (2, 3) , (3, 4) , (4, 5) , A82 (1, 2), (2, 3) , (3, 4) , (4, 2), (4, 7), (5, 6) , (6, 2) , (7, 8) , (8, 4) (4, 5), (5, 6) , (6, 7) , (7, 8) , (8, 4) 
A130
(1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , A168 (1, 2), (2, 3) , (3, 4) , (4, 1) , (4, 5) , (5, 6) , (6, 3) , (6, 7) , (7, 8) , (8, 5) (5, 6), (6, 3) , (6, 7) , (7, 8) , (8, 6 ) A236
(1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , A244 (1, 2), (2, 3) , (3, 4) , (4, 1) , (4, 5) , (5, 2) , (5, 6) , (6, 4) , (6, 7) , (7, 8) , (8, 5) (5, 3), (5, 6) , (5, 7), (6, 4) , (7, 8) , (8, 5) 
A250
(1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , A259 (1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , (5, 6) , (5, 7) , (6, 3) , (7, 4) , (7, 8) , (8, 5) (5, 6), (5, 8) , (6, 2) , (6, 7), (7, 5) , (8, 7) A269
(1, 2), (1, 6) , (2, 3) , (3, 1) , (3, 4) , A271 (1, 2), (2, 3), (3, 4) , (3, 6) , (4, 1), (4, 5) , (4, 7), (5, 6) , (6, 3) , (7, 8) , (8, 4) (4, 5), (5, 3), (5, 7), (6, 5) , (7, 8) , (8, 5 ) A288
(1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , A301 (1, 2), (2, 3), (3, 1) , (3, 4) , (4, 2), (4, 7), (5, 3) , (5, 6) , (6, 4) , (7, 8) , (8, 6) (4, 5), (5, 6) , (6, 3) , (6, 7) , (7, 8) , (8, 6 ) A329
(1, 2), (2, 3), (3, 1) , (3, 4) , (3, 6) , (4, 2) , A330 (1, 2), (2, 3), (3, 1) , (3, 4) , (3, 6) , (4, 5) , (4, 5) , (5, 3) , (6, 5) , (6, 7) , (7, 8) , (8, 6) (5, 3), (5, 7), (6, 5) , (7, 6) , (7, 8) , (8, 5 ) A332
(1, 2), (2, 3), (2, 4) , (2, 8) , (3, 1) , (4, 1), A334 (1, 2), (2, 3), (2, 5) , (3, 1) , (3, 4) , (4, 2), (4, 5), (5, 2), (5, 6), (6, 7), (7, 5) , (8, 5) (5, 1), (5, 6), (6, 2), (6, 7), (7, 8) , (8, 6) Cartan invariant (6) algebra KQ/I quiver Q algebra KQ/I quiver Q A15 (2, 1), (2, 3) , (3, 4) , (4, 5) , (2, 3) , (3, 4) , (3, 5) , (5, 6) , (6, 7) , (7, 8) , (8, 2) (4, 1), (5, 6) , (6, 7) , (7, 8) , (8, 2) A179
(1, 2), (2, 3), (3, 1) , (3, 4) , (4, 2) , A184 (1, 2), (2, 3), (2, 8) , (3, 4) , (4, 5) , (4, 5) , (5, 6) , (6, 7) , (7, 8) , (8, 3) (5, 6), (6, 7), (7, 2) , (8, 1) , (8, 7) A205
(1, 2), (2, 3), (3, 4) , (4, 5) , (4, 8) , (3, 4) , (3, 5) , (4, 1), (5, 1), (5, 6) , (6, 7) , (7, 4) , (8, 3) (5, 2), (5, 6), (6, 7), (7, 8) , (8, 3) A211
(1, 2), (2, 3), (3, 4) , (4, 5) , (4, 7), A215 (1, 2), (2, 3), (3, 4) , (3, 6) , (4, 1), (5, 1), (5, 6) , (6, 4) , (7, 8) , (8, 3) (4, 5), (5, 3), (6, 7), (7, 8) , (8, 5 ) A268
(1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , A270 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 7), (4, 6), (5, 3), (6, 2), (6, 7), (7, 8) , (8, 4) (4, 8), (5, 1), (5, 6) , (6, 4) , (7, 6) , (8, 3) A280
(1, 2), (1, 7), (2, 3), (3, 1) , (3, 4) , A290 (1, 2), (2, 3), (3, 4) , (3, 6) , (4, 1), (4, 5) , (4, 8) , (5, 6) , (6, 7) , (7, 3) , (8, 3) (4, 5), (5, 3), (5, 7), (6, 5) , (7, 4) , (8, 7) A299
(1, 2), (2, 3), (2, 7), (3, 1) , (3, 4) , A300 (1, 2), (2, 3), (3, 4) , (3, 6) , (3, 8) , (4, 5) , (4, 6) , (5, 2), (6, 3), (7, 8) , (8, 5) (4, 1), (4, 5) , (5, 3) , (6, 7), (7, 5) , (8, 2) A308
(1, 2), (2, 3), (3, 4) , (3, 6) , (4, 1), A309 (1, 2), (2, 3), (3, 4) , (3, 8) , (4, 5) , (4, 5) , (5, 3) , (6, 7) , (6, 8) , (7, 5) , (8, 3) (4, 6), (5, 2), (6, 3), (6, 7), (7, 4) , (8, 6 ) A313
(1, 2), (2, 3), (3, 4) , (4, 5) , (4, 7), A317 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 8) , (5, 1) , (5, 6) , (6, 4) , (7, 6) , (7, 8) , (8, 4) (5, 2), (5, 6), (6, 4) , (6, 7), (7, 5) , (8, 6 ) A319
(1, 2), (2, 3), (3, 4) , (3, 8) , (4, 5) , A320 (1, 2), (2, 3), (2, 8) , (3, 4) , (4, 5) , (5, 3) , (5, 6) , (6, 7) , (7, 8) , (8, 2) , (8, 5) (5, 2), (5, 6), (6, 7), (7, 5) , (8, 1) , (8, 7) A323
(1, 2), (2, 3) , (3, 1) , (3, 4) , (3, 6) , A325 (1, 2), (2, 3), (2, 7) , (3, 4) , (4, 2), (4, 2), (4, 5) , (5, 3) , (6, 7) , (7, 8) , (8, 5) (4, 5), (5, 6) , (6, 7) , (7, 4) , (7, 8) , (8, 2) A331
(1, 2), (2, 3), (2, 4) , (2, 8) , (3, 1) , (4, 1), A339 (1, 2), (1, 6) , (2, 3) , (3, 1) , (3, 4) , (4, 5) , (4, 5) , (5, 6) , (6, 2) , (6, 7), (7, 5) , (8, 6 ) (4, 8) , (5, 6) , (5, 7) , (6, 3) , (7, 4) , (8, 3) A341
(1, 2), (2, 3), (2, 8) , (3, 1) , (3, 4) , (4, 2) , A358 (1, 2), (2, 3) , (3, 4) , (3, 7) , (4, 1), (4, 5) , (4, 5) , (4, 6) , (5, 3) , (6, 7) , (7, 8) , (8, 4) (5, 3), (5, 6) , (6, 7) , (7, 5) , (7, 8) , (8, 3) A376
(1, 2), (2, 3) , (3, 4) , (3, 5) , (3, 8) , (4, 2) , A377 (1, 2), (2, 3) , (2, 6) , (2, 8) , (3, 1) , (3, 4) , (5, 6) , (5, 7) , (6, 3) , (7, 3) , (8, 1) , (8, 7) (4, 5), (5, 2), (6, 5) , (6, 7) , (7, 2) , (8, 7) A384
(1, 2), (2, 3) , (2, 6) , (3, 1) , (3, 4) , (4, 2) , A385 (1, 2), (2, 3), (3, 1) , (3, 4) , (4, 2) , (4, 5) , (4, 5) , (5, 6) , (5, 8) , (6, 4) , (6, 7) , (7, 5) , (8, 4) (4, 8), (5, 3) , (5, 6) , (6, 4) , (6, 7), (7, 5) , (8, 6 ) A387
(1, 2), (2, 3), (2, 7), (3, 1) , (3, 4) , (4, 2) , A391 (1, 2), (2, 3), (2, 8) , (3, 1) , (3, 4) , (4, 2), (4, 5) , (4, 6) , (5, 3) , (6, 7) , (6, 8) , (7, 4) , (8, 4) (4, 5), (4, 7), (5, 3), (5, 6) , (6, 4) , (7, 6) , (8, 4) Cartan invariants (2, 2) algebra KQ/I quiver Q algebra KQ/I quiver Q A20
(1, 2), (2, 3), (3, 4) , (4, 5) , A21 (1, 2), (2, 3), (3, 1), (4, 2), (4, 7), (5, 3), (6, 4) , (7, 8) , (8, 4) (5, 2), (5, 6), (6, 7), (7, 5) , (8, 7) A22
(1, 2), (2, 3), (3, 1), (4, 2), A24 (1, 2), (2, 3), (3, 5) , (4, 3), (5, 2), (6, 5) , (6, 7) , (7, 8) , (8, 6) (5, 6), (6, 3) , (6, 7) , (7, 8) , (8, 6 ) A27 (2, 1), (2, 3) , (3, 4) , (4, 2) , A29 (2, 1), (2, 3) , (3, 4) , (4, 2) , (4, 6) , (5, 4) , (6, 7) , (7, 4) , (8, 3) (4, 5), (5, 7), (6, 5) , (7, 8) , (8, 5) 
A32
(1, 2), (2, 3), (3, 5) , (4, 3) , A36 (1, 2), (2, 3) , (3, 4) , (4, 2), (5, 6), (5, 7), (6, 3), (7, 8) , (8, 5) (5, 3), (5, 6), (5, 7), (7, 8) , (8, 5 ) A37
(1, 2), (2, 3), (2, 4) , (2, 5) , A41 (2, 1), (3, 2) , (3, 4) , (4, 5) , (3, 1) , (6, 5) , (6, 7) , (7, 8) , (8, 6) (5, 3), (5, 7), (6, 5) , (7, 8) , (8, 5) 
A49
(1, 2), (2, 3) , (2, 4) , (2, 5) , A52 (1, 2), (2, 3) , (3, 1) , (4, 2) , (3, 1) , (5, 6) , (6, 7) , (6, 8) , (7, 5) (5, 4), (5, 7), (6, 5) , (7, 8) , (8, 5 ) A89 (2, 1), (2, 3) , (2, 5) , (3, 4) , (4, 2) , A90 (1, 2), (2, 3) , (3, 4) , (3, 5) , (4, 2), (5, 4), (6, 5) , (6, 7) , (7, 8) , (8, 6) (5, 6), (6, 3) , (6, 7) , (6, 8) , (7, 5) algebra KQ/I quiver Q algebra KQ/I quiver Q A93
(1, 2), (2, 3) , (3, 4) , (4, 2) , (4, 5) , A95 (1, 2), (2, 3) , (3, 1) , (3, 4) , (4, 5) , (4, 6) , (5, 3) , (6, 7) , (7, 8) , (8, 6) (5, 6), (6, 4) , (6, 7) , (7, 5) , (8, 7) A96
(1, 2), (2, 3) , (3, 4) , (3, 5) , (4, 2) , A98 (1, 2), (2, 3) , (3, 4) , (4, 2) , (4, 5) , (5, 6) , (6, 3) , (6, 7) , (7, 5) , (8, 7) (5, 6), (6, 4) , (6, 7) , (6, 8) , (7, 5) 
A105
(1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , A106 (2, 1), (2, 3) , (3, 4) , (3, 5) , (4, 2), (5, 6), (5, 8) , (6, 4) , (6, 7) , (7, 5) (5, 2), (5, 6), (6, 7), (7, 5) , (8, 7) A107
(1, 2), (2, 3) , (3, 4) , (4, 2) , (4, 5) , A113 (1, 2), (2, 3) , (3, 1) , (3, 4) , (4, 5) , (4, 6) , (5, 3) , (6, 7) , (7, 4) , (7, 8) (4, 6), (4, 7), (5, 3), (6, 3) , (8, 6 ) A116
(1, 2), (2, 3) , (3, 4) , (4, 2) , (4, 5) , A119 (2, 1), (2, 3) , (3, 4) , (4, 2) , (4, 5) , (5, 6) , (6, 4) , (6, 7) , (7, 5) , (8, 7) (5, 3), (5, 6) , (6, 7) , (7, 8) , (8, 6 ) A120
(1, 2), (2, 3) , (3, 4) , (3, 5) , (4, 2) , A121 (1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , (5, 6) , (5, 7) , (6, 3) , (7, 3) , (7, 8) (5, 6), (5, 7), (6, 4), (7, 4) , (7, 8) 
A122
(1, 2), (2, 3) , (3, 4) , (3, 5) , (4, 2) , A124 (2, 1), (2, 3) , (2, 5) , (3, 4) , (4, 2), (5, 2), (5, 6) , (6, 7) , (7, 8) , (8, 6) (5, 4), (5, 6) , (6, 7) , (7, 8) , (8, 6 ) A137 (2, 1), (2, 3) , (3, 4) , (4, 2) , (4, 5) , A142 (1, 2), (2, 3) , (3, 4) , (4, 2) , (4, 5) , (5, 3) , (6, 4) , (6, 7) , (7, 8) , (8, 6) (5, 6), (5, 7), (7, 4) , (7, 8) , (8, 5) 
A146
(1, 2), (2, 3) , (3, 4) , (4, 2) , (4, 5) , A152 (1, 2), (2, 3), (3, 1) , (3, 4) , (3, 7) , (4, 6) , (5, 3) , (6, 7) , (6, 8) , (7, 4) (4, 5), (5, 3) , (5, 6) , (7, 5) , (8, 4) A153
(1, 2), (2, 3), (3, 4) , (3, 6) , (4, 2) , A155 (1, 2), (2, 3), (3, 4) , (3, 6) , (4, 2), (4, 5), (5, 3) , (6, 7) , (6, 8) , (8, 3) (4, 5), (5, 3), (6, 7), (7, 8) , (8, 6) Cartan invariant (3) algebra KQ/I quiver Q algebra KQ/I quiver Q A8
(1, 2), (2, 3), (3, 4) , (4, 5) , A9 (1, 2), (2, 3), (4, 3) , (4, 5) , (5, 6) , (6, 7) , (7, 4) , (7, 8) (5, 6), (6, 7), (7, 4) , (8, 5) 
A12
(1, 2), (3, 2) , (3, 4) , (4, 5) , A14 (2, 1), (3, 2) , (3, 4) , (4, 5) , (5, 6) , (5, 8) , (6, 3) , (7, 4) (5, 6), (5, 8) , (6, 3) , (7, 6 ) A17 (2, 1), (2, 3) , (3, 4) , (4, 5) , (2, 3) , (3, 4) , (4, 5), (5, 2), (5, 6), (7, 3) , (8, 4) (5, 3), (5, 6) , (6, 7) , (6, 8) , (7, 4) 
A30
(1, 2), (2, 3), (4, 3) , (4, 5) , (2, 3) , (3, 4) , (4, 5) , (5, 6) , (6, 7) , (7, 4) , (7, 8) , (8, 6) (5, 6), (6, 7) , (6, 8) , (7, 4) , (8, 5) 
A34
(1, 2), (2, 3) , (3, 4) , (4, 5) , (2, 3) , (3, 4) , (4, 5) , (5, 3) , (5, 6) , (6, 7) , (7, 4) , (8, 7) (4, 7), (5, 6) , (6, 4) , (7, 8) , (8, 6 ) A44
(1, 2), (2, 3), (3, 4) , (4, 5) , A47 (1, 2), (3, 2) , (3, 4) , (4, 5) , (4, 8) , (5, 3) , (5, 6) , (6, 7) , (7, 4) (5, 6), (5, 8) , (6, 3) , (6, 7), (7, 5) A53
(1, 2), (2, 3), (3, 4) , (3, 7) , A60 (1, 2), (2, 3), (4, 3) , (4, 5) , (4, 5) , (5, 6) , (6, 3) , (7, 6) , (8, 5) (5, 6), (5, 8) , (6, 7) , (7, 4) , (8, 4) A61 (2, 1), (3, 2) , (3, 4) , (4, 5) , (3, 4) , (4, 5) , (4, 6) , (5, 3) , (6, 7) , (6, 8) , (7, 3) (5, 3), (5, 6) , (5, 8) , (6, 7), (7, 4) A67
(1, 2), (2, 3), (3, 4) , (4, 5) , A76 (2, 1), (2, 3) , (3, 4) , (3, 6) , (5, 6) , (5, 7), (6, 3) , (7, 4) , (8, 5) (4, 5), (5, 2), (6, 2), (7, 3) , (8, 7) A80
(1, 2), (2, 3), (3, 4) , (4, 5) , A84 (1, 2), (2, 3), (3, 4) , (3, 8) , (4, 7) , (5, 6) , (6, 3) , (7, 3) , (8, 4) (4, 2), (4, 5) , (5, 6) , (6, 3) , (7, 4) A92
(1, 2), (2, 3), (3, 4) , (4, 5) , (4, 8) , A94 (1, 2), (2, 3), (3, 4) , (4, 5) , (5, 3) , (5, 6) , (6, 4) , (6, 7) , (7, 5) , (8, 6) (5, 6), (6, 4) , (6, 7), (7, 5) , (8, 6 ) A100
(1, 2), (2, 3), (3, 4) , (4, 5) , (4, 8) , A102 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 7), (5, 3), (5, 6) , (6, 4) , (6, 7) , (8, 6) (5, 3), (5, 6) , (6, 4) , (6, 8) , (8, 5) 
A109
(1, 2), (2, 3), (4, 3) , (4, 5) , (5, 6) , A110 (1, 2), (2, 3), (3, 4) , (4, 2), (4, 5), (5, 7), (6, 4), (7, 4) , (7, 8) , (8, 5) (5, 3), (5, 6) , (6, 4) , (6, 7) , (8, 5) A111
(1, 2), (2, 3), (2, 5) , (3, 4) , (4, 2) , A123 (1, 2), (2, 3) , (3, 4) , (4, 5) , (4, 7) , (5, 6) , (6, 4) , (6, 7) , (7, 5) , (8, 7) (5, 6), (6, 4) , (7, 6) , (7, 8) , (8, 4) 
A131
(1, 2), (2, 3) , (3, 4) , (3, 5) , (5, 2) , A132 (1, 2), (2, 3) , (3, 4) , (3, 5) , (5, 2), (5, 6), (6, 3) , (6, 7) , (7, 5) , (7, 8) (5, 6), (6, 7), (7, 3) , (7, 8) , (8, 6 ) A144
(1, 2), (2, 3) , (3, 4) , (4, 5) , (4, 6) , A148 (2, 1), (3, 2) , (3, 4) , (4, 5) , (4, 7) , (4, 8) , (6, 3) , (6, 7) , (7, 4) , (8, 7) (5, 3), (5, 6) , (6, 4) , (7, 6) , (8, 5 ) A149 (2, 1), (2, 3) , (3, 4) , (4, 2) , (4, 5) , A154 (1, 2), (3, 2) , (3, 4) , (4, 5) , (4, 6) , (5, 6) , (6, 3) , (6, 7), (7, 5) , (8, 4) (4, 8), (5, 3) , (6, 3) , (6, 7), (7, 4) A163
(1, 2), (2, 3), (3, 4) , (3, 8) , (4, 5) , A169 (1, 2), (2, 3), (3, 4) , (3, 7) , (4, 5), (5, 3), (5, 6), (5, 7), (7, 8) , (8, 5) (4, 6), (5, 3), (6, 3), (7, 6) , (8, 4) A171 (2, 1), (2, 3), (3, 4), (4, 2), (4, 5), A173 (1, 2), (2, 3), (3, 4) , (3, 5) , (3, 7), (5, 6), (5, 8) , (6, 3) , (6, 7), (7, 5) (5, 2), (5, 6), (6, 3) , (7, 6) , (8, 7) A187
(1, 2), (3, 2), (3, 4) , (4, 5) , (5, 3) , A196 (2, 1), (2, 3), (3, 4) , (3, 6) , (3, 7), (5, 6), (5, 7), (7, 4) , (7, 8) , (8, 5) (4, 2), (4, 5), (5, 3), (6, 2), (7, 8) A206 (2, 1), (2, 3), (2, 5) , (3, 4) , (4, 2), A218 (2, 1), (2, 3), (3, 4) , (3, 8) , (4, 2), (5, 4), (5, 6), (6, 2), (7, 5) , (8, 6) (4, 5), (4, 6), (6, 3), (6, 7), (7, 4) A221
(1, 2), (2, 3), (2, 4), (4, 1), (4, 5) , A222 (1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , (5, 6), (6, 2), (6, 7), (7, 5) , (8, 5) (5, 2), (5, 6), (5, 7), (7, 4) , (8, 3) A232
(1, 2), (2, 3), (3, 4) , (4, 5) , (5, 3) , A242 (1, 2), (3, 2) , (3, 4) , (4, 5) , (4, 8) , (5, 6) , (6, 4) , (6, 7), (7, 5) , (7, 8) , (8, 6) (5, 3), (5, 6) , (6, 4) , (6, 7), (7, 8) , (8, 6 ) A247
(1, 2), (2, 3), (3, 4) , (3, 7) , (4, 5) , A272 (1, 2), (2, 3), (3, 4) , (4, 2), (4, 5), (5, 3), (5, 6), (6, 7), (7, 5) , (7, 8) , (8, 6) (5, 3), (5, 6) , (6, 4) , (6, 7), (7, 5) , (8, 6 ) A275 (2, 1), (2, 3) , (3, 4) , (3, 7) , (4, 2), A277 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 6) , (4, 5) , (5, 3) , (5, 6) , (6, 7), (7, 5) , (7, 8) (5, 3), (6, 3), (6, 7), (7, 4) , (7, 8) , (8, 6 ) A305 (2, 1), (2, 3) , (2, 6) , (3, 4) , (4, 2), (4, 5) , (5, 6) , (6, 4) , (6, 7) , (7, 5) , (8, 5) Cartan invariants (2, 3) algebra KQ/I quiver Q algebra KQ/I quiver Q A38
(1, 2), (2, 3), (3, 1) , (3, 4) , A39 (1, 2), (2, 3), (3, 4) , (3, 5) , (4, 5) , (5, 6) , (6, 7) , (7, 4) , (7, 8) (4, 2), (5, 6), (6, 7), (7, 3) , (7, 8) 
A45
(1, 2), (2, 3), (3, 4) , (4, 5) , A50 (2, 1), (2, 3) , (3, 4) , (3, 6 ), (5, 2), (5, 6), (6, 7), (7, 8) , (8, 6) (4, 5), (5, 2), (6, 7), (7, 3) , (8, 6 ) A56 (2, 1), (2, 3) , (3, 4) , (4, 5) , A57 (1, 2), (2, 3), (3, 4) , (3, 5) , (5, 2), (6, 5) , (6, 7) , (7, 8) , (8, 6) (4, 2), (5, 6), (5, 8) , (6, 7), (7, 3) A62
(1, 2), (2, 3), (3, 4) , (3, 7) , A68 (2, 1), (2, 3) , (3, 4) , (3, 6) , (4, 5) , (5, 2), (5, 6), (7, 8) , (8, 3) (4, 5), (5, 2), (6, 7), (7, 8) , (8, 6 ) A73 (2, 1), (2, 3) , (3, 4) , (4, 5) , A75 (2, 1), (2, 3) , (3, 4) , (4, 5), (5, 2), (5, 6), (6, 7), (7, 5) , (8, 6) (5, 2), (5, 6), (6, 7), (7, 5) , (8, 3) A97
(1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , A108 (1, 2), (2, 3), (3, 1), (4, 2), (4, 5), (5, 2), (5, 6), (6, 7) , (6, 8) , (7, 4) (5, 6), (6, 7), (7, 4) , (7, 8) , (8, 6 ) A114
(1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , A115 (1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , (5, 6) , (6, 7) , (6, 8) , (7, 5) , (8, 4) (5, 3), (5, 6), (6, 7), (7, 4) , (8, 7) A117
(1, 2), (2, 3), (3, 4) , (3, 5) , (4, 2), A138 (1, 2), (2, 3), (2, 5) , (3, 4) , (4, 1), (5, 6), (6, 7) , (6, 8) , (7, 3) , (8, 5) (5, 1), (6, 2), (6, 7), (7, 8) , (8, 6 ) A139
(1, 2), (2, 3), (3, 4) , (3, 5) , (3, 8) , (2, 4) , (4, 5) , (4, 6), (4, 2), (5, 6), (6, 7), (7, 3) , (8, 7) (5, 1), (6, 2), (6, 7), (7, 8) , (8, 6 ) A145
(1, 2), (2, 3), (3, 4) , (3, 5) , (4, 2), A147 (1, 2), (2, 3), (3, 4) , (4, 1), (4, 5), (5, 1), (5, 6), (6, 7), (7, 5) , (7, 8) (4, 6), (5, 3), (6, 7), (7, 8) , (8, 6 ) A156
(1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , A157 (1, 2), (2, 3), (2, 4) , (3, 1) , (4, 5) , (4, 6), (5, 2), (6, 7), (6, 8) , (7, 2) (5, 6), (6, 7), (7, 4) , (7, 8) , (8, 6 ) A158
(1, 2), (2, 3), (3, 4) , (4, 2), (4, 5), A164 (1, 2), (2, 3), (3, 4) , (3, 5) , (3, 6) , (5, 6) , (6, 7) , (6, 8) , (7, 4) , (8, 5) (4, 1), (6, 2), (6, 7), (7, 8) , (8, 6 ) A167
(1, 2), (2, 3), (3, 4) , (4, 5) , (4, 6) , (3, 4) , (4, 2), (4, 5), (4, 8) , (5, 2), (6, 7), (7, 4) , (8, 3) (4, 8), (5, 6), (6, 7), (7, 4) , (8, 7) A188 (2, 1), (2, 3) , (3, 4) , (4, 2), (4, 5), A189 (1, 2), (2, 3), (3, 1), (4, 3), (4, 5), (5, 6), (6, 7), (7, 4) , (7, 8) , (8, 6) (5, 6), (5, 7), (6, 4), (7, 8) , (8, 4) A190
(1, 2), (2, 3), (3, 1), (4, 3) , (4, 5) , (2, 4) , (3, 1) , (4, 5) , (5, 6) , (6, 7) , (6, 8) , (7, 4) , (8, 5) (5, 6), (6, 2), (6, 7), (7, 5) , (8, 5 ) A194 (2, 1), (2, 3) , (2, 6) , (3, 4) , (4, 5) , A195 (2, 1), (2, 3) , (3, 4) , (4, 2), (4, 5), (4, 7), (5, 2), (6, 5), (7, 8) , (8, 4) (5, 6), (5, 8) , (6, 7) , (7, 4) , (8, 4) A197 (2, 1), (2, 3), (3, 4) , (3, 5) , (4, 2), A198 (1, 2), (2, 3), (3, 1), (3, 4) , (4, 5) , (5, 6), (5, 8) , (6, 7) , (7, 3) , (8, 3) (5, 6), (5, 8) , (6, 7), (7, 4) , (8, 4) A210 (2, 1), (2, 3), (3, 4) , (3, 5) , (3, 7) , A217 (1, 2), (2, 3), (2, 8) , (3, 4) , (4, 5), (4, 2), (5, 6), (6, 2), (7, 8) , (8, 3) (5, 2), (5, 6), (6, 7), (7, 5) , (8, 5) A228
(1, 2), (2, 3), (2, 4), (3, 1), (4, 1), A229 (1, 2), (2, 3), (3, 4) , (3, 5) , (3, 8) , (4, 5) , (5, 2), (6, 4), (6, 7), (7, 8) , (8, 6) (4, 2), (5, 6), (6, 3), (6, 7), (7, 5) , (8, 6 ) A230
(1, 2), (2, 3), (2, 6) , (3, 4) , (4, 2), A233 (2, 1), (2, 3), (3, 4) , (3, 5) , (4, 2), (4, 5), (5, 6), (5, 7), (6, 4), (7, 8) , (8, 5) (5, 2), (5, 6), (6, 3), (6, 7), (7, 8) , (8, 6 ) A235
(1, 2), (2, 3), (3, 1), (3, 4) , (4, 5) , (3, 4) , (4, 2), (4, 5), (4, 6), (6, 3), (6, 7), (7, 4) , (7, 8) , (8, 6) (4, 8), (5, 6) , (6, 4) , (6, 7), (7, 5) , (8, 6 ) A248
(1, 2), (2, 3), (3, 1), (4, 2), (4, 5), A251 (1, 2), (2, 3), (3, 1), (3, 4) , (4, 2), (5, 6), (5, 7), (6, 4), (7, 4) , (7, 8) , (8, 5) (4, 5), (5, 3), (5, 6), (6, 7), (7, 5) , (8, 4) A253
(1, 2), (2, 3), (2, 4), (3, 1), (4, 1), A254 (1, 2), (2, 3), (3, 4) , (3, 5) , (4, 2), (4, 5), (4, 6), (5, 2), (6, 7), (7, 8) , (8, 6) (5, 6), (5, 7), (6, 3), (7, 3) , (7, 8) , (8, 5) 
A255
(1, 2), (2, 3), (2, 4), (3, 1), (4, 5) , A257 (1, 2), (2, 3), (3, 4) , (3, 5) , (3, 7), (5, 6), (5, 8) , (6, 4) , (6, 7), (7, 5) , (8, 4) (4, 8), (5, 6), (5, 7), (6, 4), (7, 4) , (8, 7) A257
(1, 2), (2, 3), (3, 4) , (3, 5) , (3, 7) , A264 (2, 1), (2, 3) , (3, 4) , (4, 2), (4, 5), (4, 2), (5, 6), (6, 3) , (7, 6) , (7, 8) , (8, 3) (5, 6), (5, 7), (6, 4), (7, 4) , (7, 8) , (8, 5 ) A284 (2, 1), (2, 3), (2, 5) , (3, 4) , (4, 2), A287 (1, 2), (2, 3), (3, 1) , (4, 3) , (4, 5) , (5, 4) , (5, 6) , (6, 2) , (6, 7), (7, 8) , (8, 6) (4, 7), (5, 6), (5, 8) , (6, 4) , (7, 8) , (8, 4) A289 (2, 1), (2, 3) , (3, 4) , (3, 6) , (3, 8) , A291 (1, 2), (2, 3), (3, 1) , (3, 4) , (3, 5) , (4, 2), (4, 5), (5, 3), (6, 7), (7, 3) , (8, 2) (5, 2), (5, 6), (5, 7), (6, 3), (7, 8) , (8, 5) 
A292
(1, 2), (2, 3), (3, 4) , (4, 2) , (4, 5) , A294 (1, 2), (2, 3), (2, 5) , (2, 6) , (3, 1), (4, 7), (5, 6) , (6, 4) , (7, 6) , (7, 8) , (8, 4) (3, 4), (4, 2), (6, 4), (6, 7), (7, 8) , (8, 6 ) A298
(1, 2), (2, 3), (2, 6) , (3, 4) , (4, 2), A316 (1, 2), (2, 3), (3, 1) , (3, 4) , (4, 5) , (4, 5) , (4, 7) , (5, 6) , (6, 4) , (7, 8) , (8, 4) (4, 6), (5, 3), (6, 3), (6, 7), (7, 4) , (8, 4) A336
(1, 2), (2, 3), (3, 1), (3, 4) , (4, 5) , (5, 3), A344 (1, 2), (2, 3), (3, 1), (3, 4) , (4, 2), (4, 5), (5, 6), (6, 4) , (6, 7), (7, 5) , (7, 8) , (8, 6) (5, 3), (5, 6), (5, 7), (6, 4), (7, 8) , (8, 5) 
A347
(1, 2), (2, 3), (3, 1), (3, 4) , (4, 5) , (4, 8) , A359 (1, 2), (2, 3), (3, 1), (3, 4) , (4, 5) , (4, 6), (5, 3), (5, 6) , (6, 4) , (6, 7), (7, 8) , (8, 6) (5, 3), (6, 3), (6, 7), (7, 4), (7, 8) , (8, 6) Cartan invariant (4) algebra KQ/I quiver Q algebra KQ/I quiver Q A11
(1, 2), (2, 3), (3, 4) , (4, 5) , A13 (1, 2), (2, 3), (3, 4) , (4, 5) , (5, 6), (6, 7), (7, 8) , (8, 4) (5, 6), (6, 7), (7, 3) , (8, 5) A16
(1, 2), (2, 3), (3, 4) , (4, 5) , A40 (2, 1), (2, 3) , (3, 4) , (4, 5) , (5, 6) , (6, 7) , (6, 8) , (7, 3) (5, 6), (5, 7), (6, 2), (7, 4) , (8, 7) A42
(1, 2), (2, 3), (3, 4) , (4, 5) , A48 (1, 2), (2, 3), (3, 4) , (3, 5) , (5, 6) , (6, 3) , (6, 7), (7, 8) , (8, 5) (4, 2), (5, 6), (5, 8) , (6, 7), (7, 3) A54 (2, 1), (2, 3) , (3, 4) , (4, 5) , A55 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 6), (5, 2), (6, 7), (7, 3) , (8, 6) (5, 6), (5, 7), (6, 3), (7, 8) , (8, 4) 
A58
(1, 2), (2, 3), (3, 4) , (3, 8) , A70 (1, 2), (2, 3), (3, 4) , (4, 2), (4, 2), (4, 5) , (5, 6) , (6, 7) , (7, 3) (4, 5), (5, 6) , (5, 8) , (6, 7), (7, 3) A72
(1, 2), (2, 3), (3, 4) , (4, 2) , A85 (1, 2), (2, 3), (3, 4) , (4, 5) , (4, 5) , (4, 6) , (6, 7) , (7, 8) , (8, 3) (5, 6), (5, 8) , (6, 2) , (6, 7), (7, 5) algebra KQ/I quiver Q algebra KQ/I quiver Q (5, 6), (6, 2), (6, 7), (7, 5) , (7, 8) , (8, 6) (5, 3), (5, 6) , (6, 7) , (6, 8) , (7, 5) , (8, 5) 
A375
(1, 2), (2, 3), (3, 1) , (3, 4) , (3, 8) , (4, 2) , A378 (1, 2), (2, 3), (3, 4) , (3, 7) , (4, 1), (4, 5) , (4, 5) , (5, 3) , (5, 6) , (6, 7), (7, 5) , (8, 7) (5, 3), (5, 6), (6, 7), (7, 5) , (7, 8) , (8, 6 ) A379 (2, 1), (2, 3) , (2, 6) , (3, 4) , (4, 2) , (4, 5) , A380 (1, 2), (2, 3), (2, 7), (3, 4) , (4, 2) , (4, 5) , (5, 6) , (6, 4) , (6, 7) , (6, 8) , (7, 5) , (8, 2) (5, 6), (5, 7), (6, 4), (7, 4) , (7, 8) , (8, 2) A381
(1, 2), (2, 3), (3, 1) , (3, 4) , (3, 8) , (4, 2) , A382 (1, 2), (2, 3), (2, 5) , (3, 1) , (3, 4) , (4, 2), (4, 5), (5, 3) , (5, 6) , (6, 7) , (7, 8) , (8, 5) (5, 6), (6, 4) , (6, 7), (7, 5) , (7, 8) , (8, 6 ) A383
(1, 2), (2, 3), (3, 1) , (3, 4) , (4, 2) , (4, 5) , A386 (1, 2), (2, 3), (2, 6) , (3, 1) , (3, 4) , (4, 2), (5, 6), (5, 8) , (6, 3) , (6, 7), (7, 5) , (8, 7) (4, 5), (5, 6) , (6, 4) , (6, 7), (7, 5) , (7, 8) , (8, 6 ) A389
(1, 2), (2, 3), (3, 1) , (3, 4) , (3, 7) , (4, 2), A390 (1, 2), (2, 3), (3, 1) , (3, 4) , (4, 2), (4, 5), (4, 5) , (5, 3) , (5, 6) , (6, 7) , (6, 8) , (7, 5) , (8, 5) (5, 3), (5, 6), (5, 8) , (6, 4) , (6, 7), (7, 5) 
